

[image: image1]
A scientometric analysis of the 100 most cited articles on magnetic resonance guided focused ultrasound













	 
	

	TYPE Review
PUBLISHED 12 September 2022
DOI 10.3389/fnhum.2022.981571





A scientometric analysis of the 100 most cited articles on magnetic resonance guided focused ultrasound

Kanwaljeet Garg1, Manish Ranjan2*, Vibhor Krishna3, Manmohan Singh1 and Ali Rezai2

1All India Institute of Medical Sciences, New Delhi, India

2Department of Neurosurgery, Rockefeller Neuroscience Institute, West Virginia University, Morgantown, WV, United States

3The University of North Carolina at Chapel Hill, Chapel Hill, NC, United States

[image: image]

OPEN ACCESS

EDITED BY
Nan-kuei Chen, University of Arizona, United States

REVIEWED BY
Gregory Noetscher, Combat Capabilities Development Command United States Army, United States
Francesca Di Giuliano, University of Rome Tor Vergata, Italy

*CORRESPONDENCE
Manish Ranjan, drmanishranjan@gmail.com

SPECIALTY SECTION
This article was submitted to Brain Imaging and Stimulation, a section of the journal Frontiers in Human Neuroscience

RECEIVED 29 June 2022
ACCEPTED 15 August 2022
PUBLISHED 12 September 2022

CITATION
Garg K, Ranjan M, Krishna V, Singh M and Rezai A (2022) A scientometric analysis of the 100 most cited articles on magnetic resonance guided focused ultrasound.
Front. Hum. Neurosci. 16:981571.
doi: 10.3389/fnhum.2022.981571

COPYRIGHT
© 2022 Garg, Ranjan, Krishna, Singh and Rezai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Background: Diagnostic ultrasound has long been a part of a physician’s armamentarium, but transcranial focused ultrasound (FUS) is an emerging treatment of neurological disorders. Consequently, the literature in this field is increasing at a rapid pace.

Objective: This analysis was aimed to identify the top-cited articles on FUS to discern their origin, spread, current trends highlighting future impact of this novel neurosurgical intervention.

Methods: We searched the Web of Science database on 28th May 2021 and identified the top 100 cited articles. These articles were analyzed with various scientometric parameters like the authors, corresponding authors, country of corresponding author, journal of publication, year of publication. Citation based parameters including total citations, mean citations per article and mean citations, citation count, and the citation per year, citations per year and co-authors per document were studied as well in addition to Hirsch h-index, g-index, m-index, Bradford’s Law, Lotka’s law and Collaboration index.

Results: The 100 top-cited articles were published between 1998 and 2019 in 45 different journals. The average citations per document and citations per document per year were 97.78 and 12.47, respectively. The most prolific authors were Hynynen K (Medical Biophysics—Toronto), Elias WJ (Neurosurgery—Virginia), Zadicario (InSightec). The Journal of Neurosurgery published the most top-cited articles (n = 11), and most articles originated from the United States, followed by Canada. Among individual institutions, the University of Toronto was the most productive.

Conclusion: FUS is an emerging treatment of neurological disorders. With its increasing application, the FUS literature is increasing rapidly. Eleven countries contributed to the top 100 cited articles, with the top 2 countries (the United States and Canada) contributing to more than half of these articles.
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Introduction

Diagnostic ultrasound has been a part of a physician’s armamentarium for the last seven decades. Focsused ultrasound (FUS) has emerged as a therapeutic option in the last few decades to successfully ablate soft tissue tumors such as uterine fibroids, breast carcinoma, and bone metastases (Fry et al., 1958; Fry and Fry, 1960; Cline et al., 1992, 1993, 1995; Hynynen et al., 1993a,b). Technological advances including development of a phased spherical array with a multielement transducer helmet and the implementation of magnetic resonance imaging guidance for real-time tissue temperature monitoring led to intracranial application for neurological disorders, specifically the movement disorders (Clement and Hynynen, 2002; Lipsman et al., 2014). FUS has evolved rapidly in the recent years, specifically in the functional neurosurgery with significant clinical and research publication.

Bibliometrics is a methodological approach from the library sciences that statistically analyses the citation counts of books, articles, and other publications to determine the influence and impact of the scientific publications. Scientometrics is a subfield of bibliometrics that studies science publications by using bibliometric methods to find author, article, and journal-level metrics (i.e., H-index, citation index, and journal impact factor, respectively). It provides a broad overview of the field’s direction, complements the expert peer review process, and is transparent and objective. Many scientometric analyses have been published in neurosurgery to find the 100-most cited articles on topics like endoscopic third ventriculostomy, ossified posterior longitudinal ligament, pallidotomy, and cervical spondylotic myelopathy (Zagzoog et al., 2018; Chen et al., 2019; Agrawal et al., 2021; Garg et al., 2021, 2022a,b; Zhao et al., 2021). However, there is no such article published on transcranial FUS. This scientometric analysis presents the top 100 cited articles published on transcranial FUS and further reports the most significant contributors (authors, institutes, and countries) along with the various scientometric indices.



Materials and methods


Search strategy

A systematic search of the Web of Science database was performed on 28th May 2021. The keywords used for literature search were—“MR guided focused ultrasound,” “MRgFUS,” “Magnetic resonance-guided focused ultrasound,” “Ultrasound Thalamotomy,” “Ultrasound Thalamotomy for Essential Tremor,” “Ultrasound Subthalamotomy, “focused ultrasound tremor,” “focused ultrasound tremor,” “ultrasound Parkinson,” “focused ultrasound ablation,” “transcranial focused ultrasound,” “focused ultrasound neuromodulation” and “focused ultrasound blood brain barrier opening.” The search results were screened and arranged in descending order of the number of citations, and articles were selected as per the following inclusion and exclusion criteria. FUS studies on transcranial FUS for neurological disorders, comparative study of FUS with DBS or radiofrequency (RF) for movement disorders, blood-brain barrier permeability, animal or cadaver research, targeted therapeutics and radiological aspect of FUS were included. FUS articles on non-cranial pathology were excluded.



Data and bibliometric parameters studied

The articles were arranged in descending order according to the number of citations. The various parameters analyzed were the title of the articles, authors, corresponding authors, country of corresponding author, journal of publication, year of publication. Citation based parameters including total citations, mean citations per article and mean citations, citation count, and the citation per year, citations per year and co-authors per document were studied as well. The following statistical parameters were considered during the analysis:

Hirsch h-index: authors number of publications and number of citations, reviewed in other articles.

g-index: is a variant of h-index which gives credit for the most cited papers. It is the highest rank where the sum of the citations is larger than the square of rank.

m-index: is another variant of the h-index that displays h-index per year since first publication.

Bradford’s Law: estimates the exponentially diminishing returns of searching for references in science journals was also studied.

Lotka’s law: which denotes the distribution of the number of articles published by the number of authors.

Collaboration index: it assigns a weighted credit to each author in a multi-author paper to capture a researcher’s scientific caliber better.



Analysis

The statistical analysis was performed using R software version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria) (Aria and Cuccurullo, 2017; R Core Team, 2022).




Results


Articles

The literature search yielded 2,500 articles, and we selected the 100 most cited articles which met the study inclusion and exclusion criteria (Hynynen et al., 2001, 2006; McDannold et al., 2005, 2010; Jordão et al., 2010; Bystritsky et al., 2011; Yoo et al., 2011; Jeanmonod et al., 2012; Park et al., 2012; Treat et al., 2012; Fan et al., 2013; Nance et al., 2014; Elias et al., 2016; Kovacs et al., 2017; Mainprize et al., 2019; Alzheimer’s disease in a mouse model: MR imaging-guided focused ultrasound targeted to the hippocampus opens the blood-brain barrier and improves pathologic abnormalities and behavior—PubMed). The included top-cited articles are summarized in Table 1.


TABLE 1    Summary of the included articles.
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These articles can be divided into three topics depending on the pathology type in which MRgFUS use has been described in the article. Equal numbers of articles involved human studies and animal studies (n = 41). Thirty-six studies were related to blood brain barrier (BBB) disruption and only three studies of these were human studies. Twenty-five studies focused on the role of FUS in patients with movement disorders and all were human studies. Three articles discussed the role of FUS in patients with pain, and a similar number of articles discussed the role of FUS for oncological indications in humans. Eleven articles discussed the technical aspects, while one clinical article described the use of FUS in patients with obsessive-compulsive disorders (OCD).

The article that received the maximum number of citations was “Non-invasive MR Imaging–guided Focal Opening of the Blood-Brain Barrier in Rabbits” published in 2001 in Radiology by Hynynen et al. and cited 855 times (Hynynen et al., 2001). The next two articles in the top 100 list, published in the New England Journal of Medicine, described the clinical application of MRgFUS in essential tremors. The first of these, titled “A Pilot Study of Focused Ultrasound Thalamotomy for Essential Tremor,” was a pilot trial that established the safety and efficacy of focused ultrasound thalamotomy in 15 patients suffering from essential tremor (Elias et al., 2013). Another article published in 2016, titled “A Randomized Trial of Focused Ultrasound Thalamotomy for Essential Tremor,” was a multicentre trial that confirmed the efficacy of focused ultrasound thalamotomy (Elias et al., 2016). The total citations per year for this article were 62.67, the maximum out of 100 cited articles.



Main information

These 100 articles were published in 45 journals over 22 years (1998–2019). There were 85 original and 15 review articles. The average number of years from the date of publication was 7.22. Interestingly, most of these articles were published recently: 2017 (15 articles), 2018 (12 articles), and 2014 (10 articles) (Figure 1A).
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FIGURE 1
(A) Line graph showing the year wise number of articles published. (B) Line graph showing the year wise average citations per year. (C) Graph showing the number of articles among the top 100 cited articles on MRgFUS published in the different journals. (D) Graphical representation of Bradford’s law.


Average citations per document were 97.78, while average citations per year per document were 12.47 (Table 2). Maximum mean citations per article and mean citations per year were for the articles published in 2001 and were 855 and 42.75, respectively (Figure 1B).


TABLE 2    Main information about data.
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Journals

Figure 1C shows the top 23 journals that published two or more articles. Journal of Neurosurgery had a maximum of 11 publications, followed by the Journal of Controlled Release (7), Movement Disorders (6 articles), and Neurosurgery (6 articles). Other journals that published at least one of these articles included Stereotactic and Functional Neurosurgery, the Journal of Neurology, Neurosurgery and Psychiatry, and the Journal of Magnetic Resonance Imaging.

Figure 1D shows the graphical representation of Bradford’s Law, which estimates the exponentially diminishing returns of searching for references in science journals. It shows that the Journal of Neurosurgery, Journal of Controlled Release, Movement Disorders, Neurosurgery and Physics in Medicine and Biology lie in Zone 1.

Figure 2A shows the journal-wise distribution of the total citations received by these articles. The articles published in Radiology were cited the most (1,064 citations), followed by New England Journal of Medicine (761 citations) and Journal of Neurosurgery (736 citations). The articles published in these journals were 4, 2, and 11, respectively. Figure 2B shows the journal impact measured in the H-index, with the Journal of Neurosurgery at the top. Figure 2C shows the source dynamics, i.e., the year-wise increase in the number of articles. Journal of Neurosurgery published the first article in 2012, and there has been a rapid increase in the published articles since.


[image: image]

FIGURE 2
(A) Graph showing the top 20 journals with maximum impact in terms of total citations received by the articles included in the analysis. (B) Graph showing the top 20 journals with maximum impact in terms of H-index of the articles included in the analysis. (C) Line graph showing the “Source growth,” i.e., the cumulative number of articles published in the top seven journals. (D) Graph showing the number of articles among the top 100 cited articles on MRgFUS published by different authors.




Authors

These top 100 cited articles included 481 authors who made 833 appearances in these 100 articles. The number of co-authors per document was 8.33, with a collaboration index of 4.81. None of these articles were published by a single author.

Figure 2D shows the top 20 authors who published the maximum number of these articles. Hynynen K authored 28 out of these top 100, followed by Elias WJ (15 articles) and Zadicario (12 articles). Supplementary Figure 1 shows the top 20 authors’ production over time, with the size of the dots denoting the number of articles and the shade of the dots denoting the number of citations per year. Figure 3A shows the graphical representation of Lotka’s law, which denotes the distribution of the number of articles published by the number of authors. Most of the authors (85%) published 1 (70%) or 2 (15%) articles. Figure 3B shows the authors whose articles received the maximum number of citations. Articles authored by Hynynen received the maximum number of citations (4130). Table 3 shows the various indexes of the top 50 authors. H-index and g-index were maximum for Hynynen K, while the m-index, which considers the h-index and the number of years an author has been active for, was maximum for Chang JW (1.5710).
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FIGURE 3
(A) Graphical representation of Lotka’s law. (B) Graph showing the top 20 authors with maximum impact as measured by total citations received by the top 100 cited articles on MRgFUS.



TABLE 3    Various indexes of the top 50 authors.
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Affiliations and country

Figure 4A shows the top 20 universities which published the maximum number of articles. The maximum number of authors belong to the University of Toronto. Most universities were from the United States, Canada, Israel, and Taiwan.
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FIGURE 4
(A) Bar graph showing the top 20 affiliations of the authors who authored these top 100 cited articles. (B) Bar graph showing the countries which published the top 100 cited articles. Orange indicates publications with authors from more than one country (i.e., multicountry collaboration).


These top 100 cited articles were authored by corresponding authors from 11 countries, showing the limited availability of this technology. Figure 4B shows the country-wise distribution of the corresponding authors of these top 100 cited articles, with the maximum number of articles (n = 45) published from the United States. It was followed by Canada (19 articles) and China (10 articles). There were significant international collaborations in these articles, as shown by the orange bars in Figure 4B. The MCP ratio (Multicountry production ratio, which is the ratio of articles authored by authors belonging to more than one country to those authored by authors from one single country) was maximum (= 1) for the articles published by the authors from Switzerland and Finland, suggesting that all their articles had multicountry collaborations. Even the articles published from the United States had an MCP ratio of 0.31, with 14 out of 45 articles having authors from countries other than the United States. Figure 5A shows the world map with different shades of blue, showing the countries of all the authors (not corresponding authors alone) who were part of the author list of these 100 articles. It shows that most of the authors belonged to North America and Europe. Figure 5B shows the number of times the articles from a given country (as per the corresponding author) were cited. The articles from the United States were cited 5,125 times, followed by Canada (1,814 citations) and China (852 citations). However, average citations per article were maximum for the articles published from Switzerland (142), followed by the articles from the United States (113.9).
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FIGURE 5
(A) Shade graded world map showing the distribution of scientific publications per the total number of authors from a country with the darker shade implying a greater number of authors from a country. (B) Graph showing the number of citations received by the articles published from various countries (as per the country of the corresponding author).


Figure 6A shows the number of times the top 20 cited articles were cited in all the journals, with the article by Hynynen et al. published in Radiology in 2011 cited 855 times. Figure 6B shows the number of times these top 100 cited articles were cited in these top 100 cited articles. Article by Hynynen et al. published in Radiology in 2011 was cited in 40 out of these top 100 cited articles.
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FIGURE 6
(A) Graph showing the number of times the top 20 cited articles were cited in all the journals. (B) Graph showing the number of times these top 100 cited articles were cited in these top 100 cited articles.


Supplementary Figure 2 shows the most commonly used keywords in these top 100 cited articles. The most common keyword was “focused ultrasound,” followed by “blood-brain barrier” and “essential tremor.”

Supplementary Figure 3 shows the three-field plot between the author country (left field), author (center field), and the keywords (right field). It can be appreciated that the countries with a maximum number of connections were Canada and the United States of America (USA). In contrast, the authors with the maximum number of connections were Hynynen K, Lozano AM, Lipsman N, and Elias WJ.




Discussion

MRgFUS is one of the most evolving field in the neurosurgery This scientometric analysis of the MRgFUS revealed some interesting and intriguing trends. First, these articles were published over the last 22 years, from 1998 to 2019. Obviously, it takes a few years for any article to garner many citations to feature in the top 100 cited articles and more importantly adoption in the clinical field given novelty of the technology. However, articles published recently, as recent as in 2019, appeared in this top 100 list. This reflects the rapid evolution and the acceptance of the field, not only by clinician but also the patients. As this technology is evolving and explored in newer neuropsychiatric indications, the scientific publications and their citations are going to be more voluminous and robust in near future.

Secondly, only 11 countries contributed to these top 100 cited articles, with the top 2 countries (the United States and Canada) contributing to more than half of these articles. As MRgFUS is a new technology and its availability is yet limited. There was no article from low to middle-income countries, perhaps due to the high cost of initial set up. The low acceptance of a surgical procedure for non-life-threatening diseases may also contribute to the limited interest of many countries. Although the average citations per document of these articles were less when compared with the top 100 cited articles on other pathologies, the average citations per document per year were higher (Agrawal et al., 2021). This reflects not only that most of these articles were published recently but also that they are being increasingly cited and applied increasingly to clinical and translational research.

The analysis revealed that 41 articles were based on animal or cadaveric studies to study the preclinical aspects of focused ultrasound. It again reflects the novelty of the technology and value of translational impact in clinical neurosurgery. Amongst the human studies, most of the articles (n = 25) described the use of MRgFUS in various movement disorders, with essential tremor being the commonest pathology. The other rare pathologies where the use of MRgFUS has been described in these studies are Parkinson’s disease, dystonia, and OCD.

There was one animal study and four human trials in the top five cited articles (Hynynen et al., 2001; McDannold et al., 2010; Elias et al., 2013, 2016; Lipsman et al., 2014). The highest cited article was an animal study. Hynynen et al. studied if focused ultrasound beams can be used to locally open the blood-brain barrier without damage to surrounding brain tissue and if magnetic resonance (MR) imaging can be used to monitor this procedure in this article (Hynynen et al., 2001). The authors established that the BBB could be consistently opened with transcranial FUS, opening a new translational field in neurological disorders.

Three out of four human trials were proof of concept studies or pilot studies (McDannold et al., 2010; Elias et al., 2013, 2016). The second most cited article was a pilot study by Elias et al. and published in NEJM in 2013 (Elias et al., 2013). The authors reported total tremor and disability scores improved from 54.9 to 24.3 (P = 0.001) and 18.2 to 2.8 (P = 0.001), respectively in 15 ET patients treated with FUS thalamotomy. This pilot trial was followed by a multicentric randomized controlled trial, published in NEJM in 2016, comparing the efficacy of unilateral focused ultrasound thalamotomy with a sham procedure in 76 patients with ET (Elias et al., 2016). The authors observed that hand-tremor scores improved more after focused ultrasound thalamotomy than after sham procedure, and the improvement was maintained 12 months after thalamotomy. Improvement in secondary outcome measures assessing disability and quality of life was also noticed.

These 100 top cited articles were published in in 45 various neurosurgical, neurological, radiological, and basic sciences research journals, including high-impact journals like NEJM, JAMA Neurology, Nature communications, Annals of Neurology, Movement Disorders, Radiology, and Neurosurgery. This diversity may represent the interest from different specialties, leading to faster advancements in this technology and a steep increase in the amount of literature. Journal of Neurosurgery published 11 out of these top 100, perhaps related to the fact that neurosurgeons are the end users of this technology and have been actively involved in FUS-related research.

The top-cited article by Hynynen guided Radiology to be the maximally cited journal out of all the journals in which these articles were published (Hynynen et al., 2001).

One of the important finding noted in this study was that the number of co-authors per document was 8.33, indicating that these articles were published by research teams with larger collaborative members and/or multicentric collaboration. Moreover, 15% of the authors contributed to more than two articles in the top 100 cited articles. Hynynen K, a Professor of Medical Biophysics at the University of Toronto, was the top contributor in these journals, contributing to 28 out of these top 100 cited articles, followed by Elias WJ (15 articles) and Zadicario (12 articles). The second highest contributor to these articles is Elias WJ, a Professor of Neurological Surgery at the University of Virginia. The third highest contributor was Eyal Zadicario, who is a part of the InSightec (manufacturer) team. Hynynen K has contributed to FUS research for more than three decades and is the lead author of the highly cited article in this list.


Limitations

There are some inherent drawbacks of bibliometric analysis. The reasons why a paper is cited multiple times may be diverse and may not accurately reflect the influence of the study in question (Garfield, 1979). Sole reliance on these indicators can lead to missing specific papers reporting (Allen et al., 2009). Similarly, recent publications on the topic and young researchers might not have accrued enough citations to make it to the list of top 100 articles. One of the inherent limitation of this study is that the search criteria included both the animal and human studies. It is not uncommon to have lesser citation of the animal studies than human studies, given recent and increasingly more acceptance in clinical trials and clinical practise. The citation matrix alone should not be taken as the sole criteria about the value and rigor of the study. The search was conducted on Web of Science, the most common database used for bibliometric analyses, but still, fallacious exclusions of some articles could have happened due to the keyword-specific results obtained.




Conclusion

MRgFUS is one of the fastest evolving field in neurosurgery, specifically functional neurosurgery with increasing studies in recent years. As novel indications are studied, it is crucial to identify the most important topics and contributors to the field as scientific literature expands to guide clinician and research in the field. Most of the top 100 cited articles comes from North America and Europe, with the United States and Canada contributing to more than half of the articles on MRgFUS. The top 100 cited articles also highlight the access of MRgFUS to developed countries and healthcare disparity in access of MrgFUS to developing countries.



Author contributions

KG: conceptualization, methodology, software, writing, rewriting and editing, data curation, writing—original draft preparation, visualization, investigation, software, and validation. MR: conceptualization, writing, rewriting and editing, writing—original draft preparation, visualization, investigation, supervision, software, and validation. VK: conceptualization, methodology, rewriting and editing, and supervision. MS and AR: methodology, rewriting and editing, and supervision. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnhum.2022.981571/full#supplementary-material

SUPPLEMENTARY FIGURE 1
Graph showing the year wise distribution of number of articles among the top 100 cited articles on MRgFUS published by different authors and the number of citations received by articles published in different years.
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