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INTRODUCTION

Intracranial artery stenosis (ICAS), of which intracranial atherosclerosis is the predominant 
background, is the leading cause of ischemic stroke, and its prevalence is high in individuals 
of Asian, African, and Hispanic ancestry.[19,34,103] Among Asians, ICAS was found in 30–56% of 
all ischemic strokes.[47,114] e risk of recurrence of cerebral infarction in the vascular territory 
of symptomatic ICAS is significantly increased in patients with a severe stenosis rate ≥70% 
and within 17 days of onset.[54] In a randomized controlled trial (RCT) that compared the best 

ABSTRACT
Background: Intracranial arterial stenosis (ICAS), caused by intracranial atherosclerosis, is one of the 
major causes of ischemic stroke. is study identified the top 100 most-cited publications on ICAS through a 
bibliometric analysis.

Methods: Two independent authors conducted a search in the Web of Science database for clinical articles on 
ICAS published between 1993 and 2022. e top 100 most-cited articles were then extracted. For each article, 
the analysis covered the title, author, country of origin/affiliation, journal, total number of citations, number of 
citations per year, and type of study.

Results: e top 100 most-cited papers in the ICAS were authored by 565 authors from 12 countries and 
published in 29 journals. In terms of the 5-year trend, the largest number of papers were published between 2003 
and 2007 (n = 31). e median number of citations for the 100 papers was 161 (range 109–1,115). e journal 
with the highest proportion of the 100 most published articles was Stroke, accounting for 41% of articles and 37% 
of the citations. According to country of origin, the United States of America accounted for the largest number of 
articles, followed by China, Japan, and South Korea, with these four countries together accounting for 81% of the 
total number of articles and 88% of the citations. Trends in the past five years included the use of terms such as 
acute ischemic stroke and mechanical thrombectomy.

Conclusion: e findings of this study provide novel insight into this field and will facilitate future research 
endeavors.
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medical treatment and stent placement for severe stenosis 
≥70%, the prognosis in the endovascular treatment group 
was significantly poorer.[24] erefore, further research is 
warranted to verify the efficacy of endovascular treatment. 
Epidemiological studies have indicated differences in 
prevalence among racial groups, and studies on genetic 
background have been conducted.[79]

Numerous ICAS studies have been published to date. 
Bibliometric analysis has been conducted in various fields and 
has gained immense popularity. Specifically in neurosurgery, 
it has been increasingly applied to investigate diseases[2,3,94] 
and treatment methods in the past few years.[22,93,106] e first 
objective was to identify the most recognized and important 
research topics to familiarize clinicians with important 
publications in the area. e second objective was to examine 
the results of the current stage in a specific area and maintain 
the academic quality of future research.

To the best of our knowledge, no published bibliometric 
studies have focused on ICAS and intracranial atherosclerosis. 
erefore, in this study, we aim to extract the 100 most-cited 
articles in the field of ICAS/intracranial atherosclerosis and 
evaluate their influence using bibliometric methods.

MATERIALS AND METHODS

Bibliometric search strategy

On February 12, 2023, we conducted a search in the Web of 
Science database to identify the most-cited papers on ICAS. 
e search terms were used based on the title or abstract, as 
presented in Figure  1. e publication period was limited 
to the past 30  years, 1993–2022. e results are listed in 
descending order according to the number of citations in 
the Web of Science database. In cases where the number of 
citations was tied, the more recent publication was defined 
as the top, which has less chance of being cited. Two authors 
(Y.H. and Y.S.) independently screened the titles and 
abstracts. Articles on ICAS/intracranial atherosclerosis were 
included in the study.

Meanwhile, articles that are not published or require 
manual search, in which ICAS/intracranial atherosclerosis 
was not the main topic, that do not involve humans, with 
acute cerebral artery occlusion with etiology other than 
atherosclerosis (i.e., atrial fibrillation, radiation, and 
moyamoya) or extracranial carotid/vertebral artery stenosis/
occlusion, and listed as a systemic atherosclerosis or stroke 
subtype were excluded from the study. A  flow diagram of 
the data extraction is shown in Figure 1. A joint discussion 
decided the top 100 most-cited articles between two 
researchers under the verification of a second author (S.M.). 
is study did not require ethics committee approval, as 
it did not include data from therapeutic interventions or 
animal experiments.

Extraction of data and bibliometric parameters

A list of the top 100 most-cited articles selected from the 
database was arranged in a data table. General data such 
as title, author, total citations, annual citations, journal 
publication, and year of publication were extracted directly 
from the search results. Countries and institutions were 
determined according to the corresponding author’s 
affiliation. Articles were classified as original articles 
or reviews based on the search results and subsequent 
checks. Two authors (Y.H. and Y.S.) classified the research 
themes of each article by screening 100 paper abstracts 
and keywords, and finally, verification was conducted by a 
third author (S.M.). Journal impact factors were obtained 
from the 2021 Incites Journal Citation Reports by Clarivate 
Analytics.

Statistical analysis

For comparisons between the two groups, the Student’s t-test 
was used for continuous variables. Statistical analyses were 
performed using the JMP Pro 16 software (SAS Institute Inc., 
Cary, NC, United States of America [USA]). In addition, 
VOSviewer software, version  1.6.19 (Leiden University, 
Leiden, the Netherlands), for Windows, was used to plot the 
data of the visualization network.

RESULTS

A total of 49,799 publications were retrieved from the Web of 
Science database. e top 100 most-cited articles are listed in 
Supplemental Table S1.

Publication year and citation

A total of 100 articles were published between 1993 and 
2019. For the 5-year trends, the most published interval was 
2003–2007 (n = 31), followed by 1997–2002 (n = 24) and 
2008–2012 (n = 21) [Figure 2]. Papers published after 2020 
were not ranked among the 100 most-cited articles. e 
100 articles had a total of 21,384 citations, with a median 
of 161 (range 109–1,115). e top 10 most-cited papers 
are presented in Table  1, accounting for 29% (n = 6,183) 
of the total citations of the 100 articles. e median annual 
citation was 9 (range, 4–90), and the list of the top 10 
annually cited articles is described in Table  2. e top 10 
annual citations had a median of 35 (range, 29–90). Of 
the papers ranked among the top 10 by annual citations, 
six were included in the top 10 in total citations, while 
the remaining four papers, including one ranked 74th  in 
total citations, were newly ranked. Comparing the annual 
citations of papers published before 2002 with those 
published after 2003, the latter was significantly higher 
(8.2 vs. 17.1; P < 0.001).
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Article types, keywords, and themes

Of the top 100 most-cited articles, 91 were original articles, 
and nine were reviews. ere was no significant difference 
in the total number of citations (213  vs. 225; P = 0.84) or 

annual number of citations (13.4 vs. 20.3; P = 0.12) between 
the original and the review articles. Among the 100 most-
cited papers, excluding reviews, the most featured themes 
were endovascular treatment (29%), radiological features 
and diagnosis (16%), risk factors (15%), and epidemiology 
(10%). To visualize the connection between keywords, the 
relationship between the words in the title and abstract was 
drawn using VOSviewer [Figure  3]. Of the total KeyWords 
Plus (810 keywords in 357 types) presented by Web of 
Science, the most frequently occurring words that appeared 
≥10 times included stroke (n = 23), percutaneous transluminal 
angioplasty (n = 16), middle cerebral artery (n = 14), 
atherosclerosis (n = 14), ischemic stroke (n = 12), prognosis 
(n = 12), risk factors (n = 11), race (n = 11), and angioplasty 
(n = 10).

Recent trends

Since all but one of the papers published after 2018 were not 
included in the top 100 list, trends in the past few years could 

Figure 1: Flow diagram of data extraction of 100 most-cited publications.

Figure  2: Distribution of the top 100 most-cited articles by 
publication year between 1993 and 2022.
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not be reflected in the analysis. e top 10 most-cited papers 
published since 2018 are listed in Supplemental Table  2. 
Among these, the median number of citations and the annual 
number of citations for the ten papers were 58 (range, 45–122) 
and 14 (range, 10–31), respectively. Furthermore, five 
articles discussed mechanical thrombectomy for large-vessel 
occlusion (LVO) in the context of ICAS.

Journals, countries, authors, and institutions

In total, 100 articles were published in 27 journals. Stroke was 
the most common journal (n = 41), followed by Neurology 
(n = 13) and the American Journal of Neuroradiology 
(n = 9). e three journals accounted for 63% of the total 

publications. e journal’s impact factors are presented in 
Table 3.

ere were 565 authors involved in the 100 publications; the 
corresponding authors were from 12 countries [Figure 4]. Most 
of the top 100 most-cited articles were from the USA (n = 48), 
followed by China (n = 17), Japan (n = 9), and South Korea (n 
= 7). A total of 33 articles were published from East Asia. In 
terms of institutional output, the Chinese University of Hong 
Kong yielded the highest number of articles (n = 13), followed 
by the Medical University of South Carolina (n = 7) and the 
University of Pennsylvania (n = 5) [Supplemental Table 3]. As 
for the author, Chimowitz[9,20,23-26,32,35,36,47,54,55,69,92,98,124] published 
the largest number of articles (n = 16), with a total citation 

Table 1: Ten most frequently cited publications on ICAS between 1993 and 2022.

Rank Authors Title Country Citations Journal Year Annual 
citations

1 Chimowitz  
et al.[25]

Comparison of warfarin and aspirin 
for symptomatic intracranial arterial 
stenosis

USA 1,115 N. Engl. J. 
Med.

2005 62

2 Chimowitz  
et al.[24]

Stenting versus aggressive medical 
therapy for intracranial arterial 
stenosis

USA 1,082 N. Engl. J. 
Med.

2011 90

3 Sacco et al.[91] Race ethnicity and determinants of 
intracranial atherosclerotic cerebral 
infarction – the Northern Manhattan 
stroke study

USA 683 Stroke 1995 24

4 Samuels et al.[92] A standardized method for 
measuring intracranial arterial 
stenosis

USA 659 Am. J. 
Neuroradiol.

2000 29

5 Kasner et al.[54] Predictors of ischemic stroke in 
the territory of a symptomatic 
intracranial arterial stenosis

USA 502 Circulation 2006 30

6 Gorelick et al.[39] Large artery intracranial occlusive 
disease – A large worldwide 
burden but a relatively neglected 
frontier

USA 442 Stroke 2008 29

7 Derdeyn et al.[32] Aggressive medical treatment with or 
without stenting in high-risk patients 
with intracranial artery stenosis 
(SAMMPRIS): the final results of a 
randomized trial

USA 438 Lancet 2014 49

8 Powers et al.[85] Extracranial-intracranial bypass 
surgery for stroke prevention in 
hemodynamic cerebral ischemia 
the carotid occlusion surgery study 
randomized trial

USA 430 JAMA-J. Am. 
Med. Assoc.

2011 36

9 Lutsep et al.[70] Stenting of symptomatic 
atherosclerotic lesions in the 
vertebral or intracranial arteries 
(SSYLVIA) study results

USA 425 Stroke 2004 22

10 Chimowitz  
et al.[23]

e warfarin-aspirin symptomatic 
intracranial disease study

USA 407 Neurology 1995 15

ICAS: Intracranial arterial stenosis, USA: United States of America
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Figure  3: Network visualization of keywords in the titles and abstracts. e minimum number of 
keyword occurrences was fixed at 10, and the minimum cluster size was 3. e keywords that met 
the threshold were plotted in several clusters, with each color representing a different cluster: e red 
and purple clusters represent intracranial atherosclerosis and its pathophysiology; the yellow cluster 
represents radiological methods; the green cluster represents antithrombotic therapy for intracranial 
artery stenosis; and the blue cluster represents intracranial arterial stenosis and percutaneous 
endovascular treatment.

Table 2: e top 10 ICAS publications in annual citations.

Rank Authors Title Country Citations Journal Year Annual 
citations

1 Chimowitz  
et al.[24]

Stenting versus aggressive medical therapy 
for intracranial arterial stenosis

USA 1,082 N. Engl. J. Med. 2011 90

2 Chimowitz  
et al.[25]

Comparison of warfarin and aspirin for 
symptomatic intracranial arterial stenosis

USA 1,115 N. Engl. J. Med. 2005 62

3 Derdeyn et al.[32] Aggressive medical treatment with or 
without stenting in high-risk patients with 
intracranial artery stenosis (SAMMPRIS): 
the final results of a randomized trial

USA 438 Lancet 2014 49

4 Wang et al.[102] Prevalence and Outcomes of symptomatic 
intracranial large artery stenoses and 
occlusions in China the Chinese intracranial 
atherosclerosis (CICAS) study

China 347 Stroke 2014 39

5 Powers et al.[85] Extracranial-intracranial bypass surgery for 
stroke prevention in hemodynamic cerebral 
ischemia the carotid occlusion surgery study 
randomized trial

USA 430 JAMA-J. Am. 
Med. Assoc.

2011 36

6 Zaidat et al.[123] Effect of a balloon-expandable intracranial 
stent versus medical therapy on risk of stroke 
in patients with symptomatic intracranial 
stenosis: the VISSIT randomized clinical trial

USA 273 JAMA-J. Am. 
Med. Assoc.

2015 34

7 Alexander et al.[1] WEAVE trial final results in 152 on-label 
patients

USA 122 Stroke 2019 31

8 Kasner et al.[54] Predictors of ischemic stroke in the territory 
of a symptomatic intracranial arterial 
stenosis

USA 502 Circulation 2006 30

9 Gorelick et al.[39] Large artery intracranial occlusive disease 
– A large worldwide burden but a relatively 
neglected frontier

USA 442 Stroke 2008 29

10 Banerjee et al.[9] Stroke caused by atherosclerosis of the major 
intracranial arteries

USA 174 Circ. Res. 2017 29

ICAS: Intracranial arterial stenosis, WEAVE: Wingspan stent system post-market surveillance, USA: United States of America
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of 5988, followed by Lynn (n = 12) and Wong (n = 12) 
[Supplemental Table 4].

DISCUSSION

Our study identified the 100 most-cited publications 
on ICAS/intracranial atherosclerosis and analyzed their 
overall characteristics, which clarified the overall progress 
of the research field, along with the journals, institutions, 
authors, and keyword levels. Bibliometric analysis is used 
to examine the characteristics of published articles based 
on specific parameters and has been applied in the field of 
neurosurgery.[2,3,22,94,106]

e top 100 most-cited articles are highly rated articles in a 
particular field, and a quantitative analysis of these articles 
reveals the synthesizing characteristics of key research. ICAS, 
the major cause of which is intracranial atherosclerosis, is the 
leading cause of ischemic stroke. Several hotspots regarding 
the epidemiology, pathophysiology, radiology/diagnosis, and 
medical and surgical treatments for the disease have been 
identified.

Terminology selection was challenging in this study since 
the terminology for ICAS and intracranial atherosclerosis 
was not standardized; multiple search terms were necessary 
to enable a comprehensive analysis. e search terms 
were elaborated such that a wide range of articles could be 
extracted without missing important papers. e results of 
the analysis of the terminology used in the titles are listed in 

Supplemental Table S5. Intracranial and atherosclerosis (-tic) 
are more frequently used.

Regarding the year of publication, both the number of papers 
and citations increased after 2003; the number of annual 
citations also significantly increased after 2003 compared 
with before 2002. is may be due to the publication of 
the warfarin-aspirin symptomatic intracranial disease 
trial, a representative RCT on medical treatment with two 
antithrombotic agents,[25] which compared the effects of 
warfarin and aspirin on symptomatic ICAS and showed 
that the rates of adverse events were significantly higher in 
the warfarin group. In addition, the stenting and aggressive 
medical management for preventing recurrent stroke in 
intracranial stenosis (SAMMPRIS) study, another RCT 
that compared medical and endovascular treatment, is 
an important clinical trial published in the New England 
Journal of Medicine in 2011[24] which ranked second in 
citation and first in annual citation among the 100 papers. 
e authors of this study demonstrated that intracranial 
stents were not effective in treating symptomatic ICAS. As 
for the article types, >90% of the top 100 cited articles were 
original articles, and <10% were review articles. In addition, 
annual citations were higher for review than original 
articles; however, no significant difference was observed. 
Although reviews usually tend to be more cited, many novel 
themes, including RCTs in the original articles, may have 
led to narrowing the numerical differences. Considering 
that papers published earlier have greater opportunities for 
citation, the number of citations received annually should 
be given more weightage. Only six out of the top 10 most-
cited papers remained within the top 10 when considering 
annual citations. e other four publications that did not 
rank in the top 10 most-cited papers and were newly ranked 
in the top 10 annual citations comprised two articles on 
endovascular treatment, one on epidemiology, and one 
review.

e top four topics in the papers were endovascular 
treatment, radiological features and diagnosis, risk factors, 
and epidemiology, accounting for approximately 70% of the 
total. ese results indicate that the mainstream research 
lies in endovascular treatment, whose efficacy has not yet 
been proven for ICAS, as well as diagnostic imaging and 
pathophysiology, including radiological features. Negative 
data on intracranial stents have a significant impact, and 

Figure  4: Distribution of the top 100 most-cited articles by 
countries.

Table 3: e three journals that most frequently published the top 100 most-cited publications on ICAS.

Rank Journal Publication number Citations (%) IF

1 Stroke 41 7,881 (37) 10.17
2 Neurology 13 2,476 (12) 11.8
3 American journal of neuroradiology 9 1,912 (9) 4.966
IF: Impact factor, ICAS: Intracranial arterial stenosis
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many articles on intracranial stenting have been subsequently 
published.

Among them, the Wingspan stent system post market 
surveillance trial, published in 2019, is the most important 
study in recent years that demonstrated the potential of 
intracranial stents.[1] In this study, the patient selection 
criteria were very strict: Age 22–80 years, symptomatic ICAS 
70–99%, ≥2 mm in length, modified Rankin Scale ≤3, and ≥ 
eight days post-onset, and the operators were limited to those 
with extensive experience in treating patients with Wingspan 
stents. In addition, blood pressure and activated clotting time 
during treatment were strictly monitored, and balloon size 
and air pressure were specified. e authors reported that 
the complication rate within 72 hours after the procedure 
decreased to 2.6%. In the future, intracranial stenting under 
strict indications may be firmly established.

One limitation of this research method is that except for 
one paper published after 2018,[1] newer publications have 
had fewer opportunities for citation, considering that they 
were recently published. erefore, it was inferred that 
recent research themes were not appropriately reflected in 
this analysis. Among the papers published after 2018, five 
articles focused on mechanical thrombectomy for LVO with 
an ICAS background.[7,50,52,63,97] In recent years, the number of 
mechanical thrombectomies performed for acute LVO has 
increased as evidence for this procedure has become more 
established.[40,83] Accordingly, the treatment of LVO with ICAS 
has also been increasing; meanwhile, conventional treatment 
with a stent retriever tends to be refractory and causes 
intraoperative re-occlusion, and appropriate additional 
treatments such as balloon percutaneous transluminal 
angioplasty and intra-arterial infusion of glycoprotein IIb/
IIIa inhibitors have been suggested to be useful.[7,52,97] Further 
studies are warranted to improve outcomes.

Analysis of keyword relevance yielded four independent 
clusters. e research topics differed slightly between 
intracranial atherosclerosis and ICAS. Since the former 
represents a pathological condition, it has typically been 
utilized in epidemiology, risk factors, pathophysiology, 
and diagnostic radiology studies. In the context of ICAS, 
secondary prevention is a primary aim, especially in 
symptomatic cases. erefore, treatment measures were the 
focus of these studies, which can be interpreted as being 
closely associated with studies on the use of antithrombotic 
drugs and stent therapy.

Regarding journal analysis, most of the 100 articles were 
published in Stroke, followed by Neurology and the American 
Journal of Neuroradiology, which accounted for more 
than 60% of all publications. Two representative RCTs 
were published in the New England Journal of Medicine, 
the journal with the highest impact factor on the list. is 
may be explained by the high quality of articles in these 

journals and the fact that researchers tend to select journals 
with high-impact factors citing. Another factor is that 
neuroradiological diagnosis is very important in research on 
intracranial atherosclerosis. As for authors, Chimowitz, the 
authors of two RCTs from the USA,[24,25] published the largest 
number of papers. e number of publications from the 
USA was the highest by country. is trend is similar to that 
observed in most other fields of neurosurgical disease and 
treatment.[2,3,22,106] Meanwhile, reports from China, Japan, and 
South Korea accounted for 33% of the total. is is probably 
because ICAS is a more common cause of stroke in East 
Asians than in other racial groups,[19,34,47,103,114] which has led 
to the revitalization of research in this region. Although the 
prevalence of ICAS is high in other Asian countries, reports 
with a significant number of citations are lacking; therefore, 
future research in this area is anticipated.

is study has some limitations. First, although the Web of 
Science is a powerful tool for literature search, it does not 
necessarily cover all publications. Second, some authors 
might have been overestimated because self-citations were 
not excluded. ird, the analysis was mainly based on the 
number of citations; hence, recent papers were less likely to 
be cited, resulting in an underestimation of recent valuable 
papers. As a precaution, we have added an analysis of 
papers published in the most recent five years. Even though 
publications on the most recent topics that remain under 
development through research, such as genetic analyses, 
could not be covered. e prevalence of ICAS is higher in 
Asian, African, and Hispanic populations;[19,34,47,103,114] thus, 
the existence of genetic aspects has been suspected. An 
increasing number of studies have been conducted on the 
genetic analysis of ICAS recently.[33,78,101] Although the genetic 
factors underlying ICAS remain to be elucidated, current 
research approaches have missed our papers related to this 
issue. Despite these limitations, the strength of this study 
is its comprehensive analysis of ICAS, an important cause 
of ischemic stroke. e results of this study will serve as a 
benchmark for future studies.

CONCLUSION

is study conducted a bibliometric analysis of research 
on ICAS and intracranial atherosclerosis, listing important 
publications in this field. is analysis provides an objective 
view of the current state of knowledge in the clinical and 
research aspects within this field, providing insights into 
future research emphases.

Data availability

Data supporting this study’s findings are available on request 
from the corresponding author.
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SUPPLEMENTAL TABLES

Supplemental Table 1: e 100 most frequently cited publications on ICAS between 1993 and 2022.

Rank Authors Title Country Citations Journal Year Annual 
citations

1 Chimowitz  
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2 Chimowitz  
et al.[24]
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therapy for intracranial arterial 
stenosis

USA 1,082 N. Engl. J. Med. 2011 90

3 Sacco et al.[91] Race ethnicity and determinants of 
intracranial atherosclerotic cerebral 
infarction – the Northern Manhattan 
stroke study

USA 683 Stroke 1995 24

4 Samuels et al.[92] A standardized method for 
measuring intracranial arterial 
stenosis

USA 659 Am. J. 
Neuroradiol.

2000 29

5 Kasner et al.[54] Predictors of ischemic stroke in 
the territory of a symptomatic 
intracranial arterial stenosis

USA 502 Circulation 2006 30

6 Gorelick et al.[39] Large artery intracranial occlusive 
disease - A large worldwide burden 
but a relatively neglected frontier

USA 442 Stroke 2008 29

7 Derdeyn et al.[32] Aggressive medical treatment with or 
without stenting in high-risk patients 
with intracranial artery stenosis 
(SAMMPRIS): the final results of a 
randomized trial

USA 438 Lancet 2014 49

8 Powers et al.[85] Extracranial-intracranial bypass 
surgery for stroke prevention in 
hemodynamic cerebral ischemia 
the carotid occlusion surgery study 
randomized trial

USA 430 JAMA-J. Am. Med. 
Assoc.

2011 36

9 Lutsep et al.[70] SSYLVIA study results USA 425 Stroke 2004 22
10 Chimowitz  

et al.[23]
e warfarin-aspirin symptomatic 
intracranial disease study

USA 407 Neurology 1995 15

11 Wong[114] Global burden of intracranial 
atherosclerosis

China 375 Int. J. Stroke 2006 22

12 Wityk et al.[105] Race and sex differences in 
the distribution of cerebral 
atherosclerosis

USA 358 Stroke 1996 13

13 Wang et al.[102] Prevalence and outcomes of 
symptomatic intracranial large artery 
stenoses and occlusions in China the 
Chinese intracranial atherosclerosis 
(CICAS) study

China 347 Stroke 2014 39

14 Bash et al.[12] Intracranial vascular stenosis and 
occlusive disease: Evaluation with CT 
angiography, MR angiography, and 
digital subtraction angiography

USA 313 Am. J. 
Neuroradiol.

2005 17

15 Bose et al.[17] A novel, self-expanding, and 
nitinol stent in medically refractory 
intracranial atherosclerotic stenoses 
– the Wingspan study

USA 286 Stroke 2007 18
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Rank Authors Title Country Citations Journal Year Annual 
citations

16 Wong[113] Clopidogrel plus aspirin versus 
aspirin alone for reducing 
embolization in patients with acute 
symptomatic cerebral or carotid 
artery stenosis (CLAIR study): 
A randomized, open-label, and 
blinded-endpoint trial

China 276 Lancet Neurol. 2010 21

17 Zaidat et al.[113] Effect of a balloon-expandable 
intracranial stent versus medical 
therapy on risk of stroke in patients 
with symptomatic intracranial stenosis 
the VISSIT randomized clinical trial

USA 273 JAMA-J. Am. Med. 
Assoc.

2015 34

18 Holmstedt  
et al.[47]

Atherosclerotic intracranial arterial 
stenosis: risk factors, diagnosis, and 
treatment

USA 263 Lancet Neurol. 2013 26

19 Wong[108] Intracranial stenosis in Chinese 
patients with acute stroke

China 257 Neurology 1998 10

20 Fiorella et al.[37] US multicenter experience with 
the wingspan stent system for 
the treatment of intracranial 
atheromatous disease – 
Periprocedural results

USA 250 Stroke 2007 16

21 Zaidat et al.[124] e NIH registry on use of the 
Wingspan stent for symptomatic 70-
99% intracranial arterial stenosis

USA 247 Neurology 2008 16

22 Meng et al.[77] Upper limb ischemic 
preconditioning prevents recurrent 
stroke in intracranial arterial stenosis

China 244 Neurology 2012 22

23 Chimowitz  
et al.[26]

Prognosis of patients with 
symptomatic vertebral or basilar 
artery stenosis

USA 239 Stroke 1998 10

24 Kuroda et al.[59] Long-term prognosis of medically 
treated patients with internal carotid 
or middle cerebral artery occlusion – 
Can acetazolamide test predict it?

Japan 232 Stroke 2001 11

25 Higashida  
et al.[44]

Transluminal angioplasty for 
atherosclerotic disease of the 
vertebral and basilar arteries

USA 229 J. Neurosurg. 1993 8

26 Qureshi et al.[87] Intracranial atherosclerosis USA 224 Lancet 2014 25
27 Kwon et al.[60] Cilostazol prevents the progression 

of the symptomatic intracranial 
arterial stenosis – e Multicenter 
double-blind placebo-controlled 
trial of cilostazol in symptomatic 
intracranial arterial stenosis

South Korea 222 Stroke 2005 12

28 Mazighi et al.[76] Prospective study of symptomatic 
atherothrombotic intracranial 
stenoses – e GESICA Study

France 219 Neurology 2006 13

29 Feldmann et al.[35] e SONIA trial USA 211 Neurology 2007 13
30 ijs et al.[96] Symptomatic intracranial 

atherosclerosis - Outcome of patients 
who fail antithrombotic therapy

USA 208 Neurology 2000 9
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citations

31 Wong[110] Use of transcranial Doppler 
ultrasound to predict outcome in 
patients with intracranial large-artery 
occlusive disease

China 206 Stroke 2000 9

32 Liebeskind et al.[69] Collaterals dramatically alter stroke 
risk in intracranial atherosclerosis

USA 199 Ann. Neurol. 2011 17

33 Connors et al.[29] Percutaneous transluminal 
angioplasty for intracranial 
atherosclerotic lesions: evolution 
of technique and short-term 
results

USA 196 J. Neurosurg. 1999 8

34 Levy et al.[67] Wingspan in-stent restenosis and 
thrombosis: Incidence, clinical 
presentation, and management

USA 193 Neurosurgery 2007 12

35 Baumgartner et 
al.[13]

Assessment of ≥50% and <50% 
intracranial stenoses by transcranial 
color-coded duplex sonography

Switzerland 192 Stroke 1999 8

36 Yarchoan et al.[120] Cerebrovascular atherosclerosis 
correlates with Alzheimer 
pathology in neurodegenerative 
dementias

USA 190 Brain 2012 17

37 Kim et al.[57] Risk factors and stroke mechanisms 
in atherosclerotic stroke intracranial 
compared with extracranial and 
anterior compared with posterior 
circulation disease

South Korea 189 Stroke 2012 17

38 Yamauchi  
et al.[119]

Significance of increased oxygen 
extraction fraction in 5-year 
prognosis of major cerebral arterial 
occlusive diseases

Japan 189 J. Nucl. Med. 1999 8

39 Beach et al.[14] Circle of Willis atherosclerosis: 
association with Alzheimer’s disease, 
neuritic plaques, and neurofibrillary 
tangles

USA 184 Acta Neuropathol. 2007 12

40 Ogasawara  
et al.[84]

Cerebrovascular reactivity to 
acetazolamide and outcome in 
patients with symptomatic internal 
carotid or middle cerebral artery 
occlusion – A xenon-133 single-
photon emission computed 
tomography study

Japan 184 Stroke 2002 9

41 Mori et al.[80] Follow-up study after intracranial 
percutaneous transluminal cerebral 
balloon angioplasty

Japan 183 Am. J. 
Neuroradiol.

1998 7

42 Yamauchi et al.[118] Evidence of misery perfusion and 
risk for recurrent stroke in major 
cerebral arterial occlusive diseases 
from PET

Japan 183 J. Neurol. 
Neurosurg. 
Psychiatry

1996 7

43 Qiao et al.[86] Intracranial plaque enhancement 
in patients with cerebrovascular 
events on high-spatial-resolution MR 
images

USA 181 Radiology 2014 20
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44 Wong[107] Mechanisms of acute cerebral 
infarctions in patients with middle 
cerebral artery stenosis: A diffusion-
weighted imaging and microemboli 
monitoring study

China 180 Ann. Neurol. 2002 9

45 Wong[109] Long-term mortality and recurrent 
stroke risk among Chinese 
stroke patients with predominant 
intracranial atherosclerosis

China 176 Stroke 2003 9

46 Banerjee et al.[9] Stroke caused by atherosclerosis of 
the major intracranial arteries

USA 174 Circ.Res. 2017 29

47 Xu et al.[117] In vivo high-resolution MR imaging 
of symptomatic and asymptomatic 
middle cerebral artery atherosclerotic 
stenosis

China 163 Atherosclerosis 2010 13

48 Marks et al.[73] Angioplasty for symptomatic 
intracranial stenosis – Clinical 
outcome

USA 163 Stroke 2006 10

49 Leung et al.[64] Pattern of cerebral atherosclerosis 
in Hong-Kong Chinese – Severity in 
intracranial and extracranial vessels

China 163 Stroke 1993 5

50 Li et al.[68] Association between high-density-
lipoprotein-cholesterol levels and 
the prevalence of asymptomatic 
intracranial arterial stenosis

China 161 Sci Rep 2017 27

51 Arenillas et al.[4] Intracranial atherosclerosis current 
concepts

Spain 161 Stroke 2011 13

52 Mazighi et al.[75] Autopsy prevalence of intracranial 
atherosclerosis in patients with fatal 
stroke

France 161 Stroke 2008 11

53 Konishi et al.[58] Associations of serum total 
cholesterol, different types of stroke, 
and stenosis distribution of cerebral-
arteries the Akita pathology study

Japan 161 Stroke 1993 5

54 Levy et al.[66] Self-expanding stents for 
recanalization of acute 
cerebrovascular occlusions

USA 151 Am. J. 
Neuroradiol.

2007 9

55 Gomez et al.[38] Elective stenting of symptomatic 
basilar artery stenosis

USA 149 Stroke 2000 6

56 Arenillas et al.[6] Progression and clinical recurrence of 
symptomatic middle cerebral artery 
stenosis – A long-term follow-up 
transcranial Doppler ultrasound study

Spain 148 Stroke 2001 7

57 Voetsch et al.[100] Basilar artery occlusive disease in 
the New England medical center 
posterior circulation registry

USA 145 Arch. Neurol. 2004 8

58 Bang et al.[10] Intracranial atherosclerosis: Current 
understanding and perspectives

South Korea 142 J. Stroke 2014 16

59 Gupta et al.[42] Safety, feasibility, and short-term 
follow-up of drug-eluting stent 
placement in the intracranial and 
extracranial circulation

USA 140 Stroke 2006 8
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citations

60 Kappelle et al.[53] Importance of intracranial 
atherosclerotic disease in patients 
with symptomatic stenosis of the 
internal carotid artery

Netherlands 139 Stroke 1999 6

61 Arenillas et al.[5] C-reactive protein predicts further 
ischemic events in first-ever transient 
ischemic attack or stroke patients 
with intracranial large-artery 
occlusive disease

Spain 136 Stroke 2003 7

62 Turk et al.[99] Influence of patient age and stenosis 
location on Wingspan in-stent 
restenosis

USA 134 Am. J. 
Neuroradiol.

2008 9

63 Clark et al.[27] Safety and efficacy of percutaneous 
transluminal angioplasty for 
intracranial atherosclerotic stenosis

USA 131 Stroke 1995 5

64 Lee et al.[62] Lesion patterns and stroke 
mechanism in atherosclerotic middle 
cerebral artery disease – Early 
diffusion-weighted imaging study

South Korea 130 Stroke 2005 7

65 Marks et al.[72] Outcome of angioplasty for 
atherosclerotic intracranial stenosis

USA 130 Stroke 1999 5

66 Nguyen-Huynh 
et al.[82]

How accurate is CT angiography 
in evaluating intracranial 
atherosclerotic disease?

USA 128 Stroke 2008 9

67 Henkes et al.[43] Treatment of intracranial 
atherosclerotic stenoses with balloon 
dilatation and self-expanding stent 
deployment (WingSpan)

Germany 128 Neuroradiology 2005 7

68 Mori et al.[81] Short-term arteriographic and 
clinical outcome after cerebral 
angioplasty and stenting for 
intracranial vertebrobasilar and 
carotid atherosclerotic occlusive 
disease

Japan 128 Am. J. 
Neuroradiol.

2000 6

69 Coward et al.[30] Long-term outcome after angioplasty 
and stenting for symptomatic 
vertebral artery stenosis compared 
with medical treatment in the 
CAVATAS - A randomized trial

England 126 Stroke 2007 8

70 D’Armiento  
et al.[31]

Age-related effects on atherogenesis 
and scavenger enzymes of 
intracranial and extracranial arteries 
in men without classic risk factors for 
atherosclerosis

USA 126 Stroke 2001 6

71 Ritz et al.[89] Cause and mechanisms of 
intracranial atherosclerosis

Netherlands 124 Circulation 2014 14

72 Bos et al.[15] Intracranial carotid artery 
atherosclerosis and the risk of stroke 
in whites the Rotterdam study

Netherlands 124 JAMA Neurol. 2014 14

73 Huang et al.[49] Vascular lesions in Chinese patients 
with transient ischemic attacks

China 123 Neurology 1997 5

74 Alexander et al.[1] WEAVE trial final results in 152 on-
label patients

USA 122 Stroke 2019 31
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75 Hirano et al.[46] Acetazolamide reactivity on I-123 
IMP single-photon emission 
computed-tomography in patients 
with major cerebral-artery occlusive 
disease – correlation with positron 
emission tomography parameters

Japan 122 J. Cereb. Blood 
Flow Metab.

1994 4

76 Groschel et al.[41] A systematic review on outcome after 
stenting for intracranial atherosclerosis

Germany 121 Stroke 2009 9

77 Cloud et al.[28] Diagnosis and management of 
vertebral artery stenosis

England 121 QJM-An Int. J. 
Med.

2003 6

78 Xu et al.[116] Middle cerebral artery intraplaque 
hemorrhage: Prevalence and clinical 
relevance

China 120 Ann. Neurol. 2012 11

79 Marquardt et al.[74] Incidence and prognosis of 50 
symptomatic vertebral or basilar 
artery stenosis: prospective 
population-based study

England 120 Brain 2009 9

80 Qureshi et al.[88] Stroke-free survival and its 
determinants in patients with 
symptomatic vertebrobasilar stenosis: 
A multicenter study

USA 120 Neurosurgery 2003 6

81 Jiang et al.[51] Stenting of symptomatic M1 stenosis 
of middle cerebral artery – An initial 
experience of 40 patients

China 119 Stroke 2004 6

82 Brekenfeld et al.[18] Stent placement in acute cerebral 
artery occlusion use of a self-
expandable intracranial stent for 
acute stroke treatment

Switzerland 118 Stroke 2009 8

83 Lylyk et al.[71] Angioplasty and stent placement in 
intracranial atherosclerotic stenoses 
and dissections

Argentina 118 Am. J. 
Neuroradiol.

2002 6

84 Bos et al.[16] Intracranial carotid artery 
atherosclerosis prevalence and risk 
factors in the general population

Netherlands 117 Stroke 2012 11

85 Fiorella et al.[36] Detailed analysis of periprocedural 
strokes in patients undergoing 
intracranial stenting in SAMMPRIS

USA 116 Stroke 2012 11

86 Levy et al.[65] Transluminal stent-assisted 
angioplasty of the intracranial 
vertebrobasilar system for medically 
refractory, posterior circulation 
ischemia: Early results

USA 116 Neurosurgery 2001 5

87 Takis et al.[95] Intracranial angioplasty: Experience 
and complications

USA 115 Am. J. 
Neuroradiol.

1997 4

88 Wong[111] Progression of middle cerebral artery 
occlusive disease and its relationship 
with further vascular events after 
stroke

China 114 Stroke 2002 5

89 Chen et al.[21] Middle cerebral artery 
atherosclerosis: Histological 
comparison between plaques 
associated with and not associated 
with infarct in a postmortem study

China 113 Cerebrovasc. Dis. 2008 8
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90 Chaturvedi  
et al.[20]

Risk factor status and vascular 
events in patients with symptomatic 
intracranial stenosis

USA 113 Neurology 2007 7

91 Kasner et al.[55] Warfarin versus aspirin for 
symptomatic intracranial stenosis: 
Subgroup analyses from WASID

USA 113 Neurology 2006 7

92 Bang et al.[11] Association of the metabolic 
syndrome with intracranial 
atherosclerotic stroke

South Korea 113 Neurology 2005 6

93 Wong[112] Prevalence of asymptomatic 
intracranial atherosclerosis in high-
risk patients

China 112 Neurology 2007 7

94 Roher et al.[90] Atherosclerosis of cerebral arteries in 
Alzheimer disease

USA 112 Stroke 2004 6

95 Hirai et al.[45] Prospective evaluation of suspected 
stenoocclusive disease of the 
intracranial artery: Combined MR 
angiography and CT angiography 
compared with digital subtraction 
angiography

Japan 111 Am. J. 
Neuroradiol.

2002 5

96 Yoon et al.[122] Endovascular treatment and 
the outcomes of atherosclerotic 
intracranial stenosis in patients with 
hyperacute stroke

South Korea 110 Neurosurgery 2015 14

97 Turan et al.[98] Relationship between blood pressure 
and stroke recurrence in patients 
with intracranial arterial stenosis

USA 110 Circulation 2007 7

98 Lammie et al.[61] Recently occluded intracranial 
and extracranial carotid arteries 
– Relevance of the unstable 
atherosclerotic plaque

Scotland 110 Stroke 1999 5

99 Kern et al.[56] Stroke recurrences in patients with 
symptomatic versus asymptomatic 
middle cerebral artery disease

Germany 109 Neurology 2005 6

100 Yoo et al.[121] Relation of plasma homocyst(e)ine 
to cerebral infarction and cerebral 
atherosclerosis

South Korea 109 Stroke 1998 4

SSYLVIA: Stenting of symptomatic atherosclerotic lesions in the vertebral or intracranial arteries, SAMMPRIS: Stenting and aggressive medical 
management for preventing recurrent stroke in intracranial stenosis, CAVATAS: Carotid and vertebral artery transluminal angioplasty study, 
SONIA: Stroke outcomes and neuroimaging of intracranial atherosclerosis
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Supplemental Table 2: e ten most frequently cited publications on ICAS between 2018 and 2022.

Rank Authors Title Country Citations Journal Year Annual 
citations

1 Alexander et al.[1] WEAVE trial final results 
in 152 on-label patients

USA 122 Stroke 2019 31

2 Jia et al.[50] Mechanical thrombectomy 
and rescue therapy for 
intracranial large artery 
occlusion with underlying 
atherosclerosis

China 81 J. 
NeuroInterventional 
Surg.

2018 16

3 Baek et al.[7] Outcomes of endovascular 
treatment for acute 
intracranial atherosclerosis-
related large vessel 
occlusion

South Korea 66 Stroke 2018 13

4 Tsang et al.[97] rombectomy 
outcomes of intracranial 
atherosclerosis-related 
occlusions: A systematic 
review and meta-analysis

China 63 Stroke 2019 16

5 Kang et al.[52] Endovascular treatment 
for emergent large vessel 
occlusion due to severe 
intracranial atherosclerotic 
stenosis

South Korea 59 J. Neurosurg. 2019 15

6 Lee et al.[63] Prognosis of 
acute intracranial 
atherosclerosis-
related occlusion after 
endovascular treatment

South Korea 57 J. Stroke 2018 11

7 Hoshino et al.[48] Prevalence of systemic 
atherosclerosis burdens 
and overlapping stroke 
etiologies and their 
associations with long-
term vascular prognosis 
in stroke with intracranial 
atherosclerotic disease

France 52 JAMA Neurol. 2018 10

8 Wingo et al.[104] Shared proteomic effects of 
cerebral atherosclerosis and 
Alzheimer’s disease on the 
human brain

USA 51 Nat. Neurosci. 2020 17

9 Wu et al.[115] Hyperintense plaque on 
intracranial vessel wall 
magnetic resonance 
imaging as a predictor of 
artery-to-artery embolic 
infarction

China 48 Stroke 2018 10

10 Baik et al.[8] Mechanical thrombectomy 
in subtypes of basilar 
artery occlusion: 
relationship to 
recanalization rate and 
clinical outcome

South Korea 45 Radiology 2019 11
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Supplemental Table 3: ree institutions most frequently affiliated among the 100 most frequently cited publications.

Rank Institutions, country Publication number Citations

1 Chinese University of Hong Kong, China 13 3.007
2 Medical University of South Carolina, USA 7 2.406
3 University of Pennsylvania, USA 5 2.033

Supplemental Table 4: ree highest-ranked authors among the 100 most 
frequently cited publications.

Rank Authors Publication number Citations

1 Chimowitz[9,20,23-26,32,35,36,47,54,55,69,92,98,124] 16 5.988
2 Lynn[20,24,25,32,35,36,54,55,69,92,98,124] 12 4.905
3 Wong[21,39,49,102,107-114] 12 2.721

Supplemental Table 5: Number of times each term was used in 
the titles of the top 100 cited publications.

Terms Count

Intracranial 66
Cerebral 25
Cerebrovascular 4
Stenosis (-tic) 36
Occlusion (-sive) 17
Atherosclerosis (-tic) 43
Atheromatous 1


