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Background: To describe the development process and structural
relationships of scientific achievements in endoscopic ultrasonography (EUS)
in pancreatic tumors over the past decades and to reveal the key research
topics using bibliometric analysis.

Methods: All relevant publications covering the research of EUS in pancreatic
tumors from 1984 to 2021 were involved through the Web of Science Core
Collection. R-bibliometrix was used to conduct the bibliometric analysis, and
VOSviewer software was used to explore the hot spots and networks related to
this field.

Results: Between 1984 and 2021, 4071 publications were involved. The
number of annual publications increased from 1 to 310. The United States
contributed the most publications to this field (n=1433, 35.20%), followed by
Japan (n=827, 20.31%) and Germany (n=319, 7.84%). There was active
cooperation between countries/regions. Gastrointestinal Endoscopy (GIE)
was the most productive journal and the most influential journal. Professor
Giovannini M, who produced the most publications, had a great influence on
this research. The focus in this field was clarified by analyzing the top 10
citations and co-citations publications. Moreover, the analysis of the keywords
showed Important topics: "Classification of pancreatic tumor disease”
“Development of EUS in the diagnosis of pancreatic tumor diseases,” and
“Development of EUS in the treatment of pancreatic tumor diseases.”
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Conclusion: For the first time, bibliometric analysis was used to gain a deep
understanding of the global trends of studies investigating EUS in pancreatic
tumor diseases. The EUS field is rapidly evolving, and our study may be a critical
reference for clinical researchers related to this field.
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Introduction

Flexible endoscopy was created in 1911, and ultrasound (US)
followed in 1956. By combining ultrasonography and
endoscopy, endoscopic ultrasonography (EUS) created an
entirely new dimension in imaging (1). EUS was developed in
the early 1980s, it places an ultrasound probe on the tip of the
endoscope to directly observe the morphological structure and
lesions of the mucosal surface as well as visualize the tube wall
hierarchy, lesion origin, and infiltration depth using ultrasound
technology. Due to the proximity of the US transducer to the
lesion and the use of a high-frequency US probe, the picture
resolution was improved (2).

The pancreas is a retroperitoneal organ, and traditional
imaging diagnosis of pancreatic diseases is so inaccurate that
malignant tumors are typically detected late in their progression,
resulting in missed opportunities for surgery. Pancreatic
neoplasms include benign pancreatic neoplasms and pancreatic
malignancies, among which pancreatic cancer is one of the most
deadly malignancies, with a fatality rate that is roughly equivalent
to its incidence (3), and its five-year survival rate is still low. The
aggressive biology, inefficient therapy, and advanced stages at the
time of diagnosis all contribute to the disease’s poor prognosis (4).
As a result, detecting precursor lesions, early diagnosis, or effective
treatment strategy may be a viable way for extending survival.
Using EUS, images of the pancreas can be captured through the
esophagus, stomach, and duodenum without being obstructed by
gas, fat, or bone, and EUS also is allowed for tissue collection,
making it the most widely used screening technology for early
pancreatic tumors diagnosis (5, 6).

Lots of studies have shown that EUS and its related techniques,
such as EUS elastography (EUS-EG), EUS-guided fine needle
aspiration (EUS-FNA) and contrast-enhanced EUS (CE-EUS) are
now considered to be the most sensitive imaging modality for the
clinical diagnosis of pancreatic lesions, along with the detection of
small cancers, the variability diagnosis of pancreatic solid or cystic
lesions, and the staging of pancreatic lesions. Since the first clinical
application of EUS in the 1980s, more than 30 years of
development have changed various fields of gastroenterology.
EUS has become a vital diagnostic and therapy tool, with more
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and more diagnostic and treatment recommendations
recommending its use for inspection and treatment, particularly
in pancreatic and gastrointestinal diseases (7).

It is expected that if we can analyze the recent research status
of the application of EUS in pancreatic tumor diseases found in
the literature that is presently available and explore the current
research challenges and future research hotspots, we will be able to
provide references for researchers interested in pancreatic tumors.
Bibliometrics is the tool for achieving the aforementioned
objectives. Using mathematical and statistical techniques,
bibliometrics is the multidisciplinary study of all knowledge
bearers, such as books, magazines, and other publications (8). It
is a broad knowledge base that integrates philology, mathematics,
and statistics with a focus on quantification. In addition to
evaluating the contributions of various nations, institutions,
journals, and scholars, bibliometric analysis can also describe a
particular research area, foresee particular trends, and identify
potential future research hotspots, all of which have a significant
impact on disease prevention and treatment (9).

However, no study on the analysis of EUS in pancreatic
tumors from a literature perspective exists, thus for the first time,
we were able to acquire a comprehensive understanding of the
global trends of studies examining EUS in pancreatic disease
from multiple perspectives. Using the Web of Science (WOS),
the goal of this study is to explore the content of the research
literature on the application of EUS in pancreatic tumors. To
provide a resource for clinical care and academic research in this
area, we use the bibliometric strategies to conduct an extensive
analysis of this field’s research status throughout the previous
decades, identify research trends, and predict probable future
research hotspots.

Methods
Data source and collection
A comprehensive collection was conducted of all of the

publications from the Web of Science Core Collection (WOSCC)
from 1984 to 2021 with the following retrieval strategies:
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[(endoscopic ultrasound) OR (endoscopic ultrasonography)]
OR (EUS)] and [(Pancreatic cancer) or (PDAC) or (pancreatic
tumor) or (pancreatic neoplasms) or (pancreatic cystic tumors)],
and only “articles” was included. To avoid citation variations
caused by frequent database updates, all related records were
downloaded on May 4, 2022, and imported into relevant
bibliometric tools for further analysis. All primary searches
were independently performed by two authors (Xia and
zhang), and their agreement showed considerable accordance.
Figure 1 depicts the complete procedure of literature selection
and screening.

Statistical analysis

We attempted to compile “The WOSCC Literature Analysis
Report” to summarize publication features such as authors,
nations, journals, institution status, annual publications, H
index, and relations between authors or countries. By
reviewing the most recent JCR (Journal Citation Reports)
issue, a crucial tool for determining the academic effect of
research, we obtained the most recent impact factor (IF) of the
pertinent journals. The H-index is a statistic for evaluating an
individual’s contribution to scientific research (10). and the H-
index, which reflects the academic influence of researchers or
countries/regions, can be found on WOS.

We evaluated the number of publications and growth trends
in various nations/areas using the bibliometrics online analytical

6387 publications
identified from WOSCC

10.3389/fonc.2022.980415

platform. VOSviewer software was used to visualize keyword
networks generated from related studies, allowing co-occurrence
analysis to categorize terms into different clusters. The average
year of appearance definition, which we used to gauge the
relative novelty of terms, also colored each keyword when it
first appeared.

Results
Annual output

According to the retrieval strategy, 6387 publications were
included initially. 200 were excluded for unmatched document
types, and 116 were excluded for published in 2022. In the end,
4071 “articles” were selected to perform analysis. The total
number of publications worldwide was analyzed and an
increasing trend in the total publishing has been demonstrated
(from 1 in 1984 to 310 in 2021). The number of publications
showed two stages: less before 2000 and more after 2000. The
number of annual publications was more than 60 after 2000,
more than 200 after 2014, and more than 300 in 2021 (the
number was nearly 300 in 2018, and 2020). The annual
publication outputs of the application of EUS in the pancreatic
tumors field are shown in Figure 2. English was the most popular
language in this subject, making up 94.92 percent of the total.
German was the most prevalent non-English language, making
up 2.11 percent of the total, followed by French (1.65%),

excluded articles 200

(editiorials, letters, case reports, reviews,
meetings, proceeding papers, notes,
corrections, book chapters, disscussions )

4187 articles identified

excluded articles 116
( publication years :2022)

4071 articles identified

FIGURE 1
Flow diagram of literature selection and screening in this study.
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FIGURE 2
Times Cited and Publications Over Time.

Spanish (0.93%), and others such as Hungarian, Italian, Chinese,
et al. are under 0.01%.

Country/region analysis

A total of 80 countries or regions participated in publishing
articles on this research over the past few decades. The United

@stacked OsStream  OExpanded @usA

publications

FIGURE 3
The contributions of different countries/regions to the research field.

1984 1990 1995 2000

JAPAN @ GERMANY © FRANCE @CHINA O ITALY
@SOUTHKOREA @SPAIN  @UK

2005 2010 2015 2020

States published the highest number of articles (n=1433,
35.20%), followed by Japan (n=827, 20.31%), Germany
(n=319, 7.84%), France (n=280, 6.88%), Italy (n=264, 6.46%),
China (n=225, 5.53%), South Korea (n=167, 4.10%), Spain
(n=145, 3.56%), England (n=131, 3.22%), Netherlands (n=117,
2.87%). The top 10 countries/regions were showed in Figure 3.
The outcomes of the cited frequency report from the WOSCC
indicated that 4071 articles connected to this field were

) NETHERLANDS
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referenced 119,150 times since 2001, and 90,462 times without
self-citation. The average citation frequency per literature was
29.27, and the H-index was 141. The United States had the
highest citation frequency (58,351 times, 51,569 times without
self-citation). With an H-index of 116, the average number of
citations per piece of literature was 49.72. With an H-index of 65,
Japan’s publications were mentioned 18,404 times (16,735 times
without self-citation), placing it second among all nations.

We mapped the cooperation of countries and regions to have
a better understanding of the extent of collaboration between
them globally. Not only did the United States have the highest
number of publications, but also had the closest international
collaboration, which was shown by the U.S.’s prominent
position in the co-occurrence network (Figure 4A). Active
partnerships between nations and areas were shown on the
visualization map; for instance, the USA had tight ties to
Japan, Germany, France, and Italy (Figure 4B).

Journal analysis

Until 2021, a total of 607 scholarly journals had published
articles on this research. There are 92 journals with more than 10
publications, 24 journals with more than 30, and 10 journals
with more than 60, 5 journals with more than 100. The top 10
journals with the greatest contribution to this research
accounted for 30.63% (1247/4071) of the total publications
included in this study (Figure 5A). Gastrointestinal Endoscopy
(GIE, 1IF2021 = 9.427, Q1) was the most productive journal
contributing 341 scientific publications in this field, followed by
Endoscopy (n=142, IF2020 = 10.093, Q1), Pancreas (n=140,
IF2020 = 3.327, Q3), Pancreatology (n=124, IF2020 = 3.996, Q3),
World Journal of Gastroenterology (n=111, IF2020 = 5.742, Q3).
Moreover, the top 10 most influential journals were listed based
on the H-index (Figure 5B). GIE, Endoscopy, American journal
of gastroenterology, Pancreas and Clinical gastroenterology, and
hepatology ranked top 5, which means that these academic
journals probably have a significant influence on this field. In
Figure 5C, we showed the close relations between these journals.
Larger bubbles for GIE, Endoscopy, and Pancreas indicated
more publications in those fields. Additionally, Endoscopy, the
World Journal of Gastroenterology, Pancreas, and
Pancreatology all had active citation agreements with GIE.

Author analysis

According to the number of publications, influential authors
were evaluated. A total of 260 authors had published at least 10
articles, 60 authors with more than 20 articles, and 7 authors
with more than 50 articles. The author with the most articles
published among these was Giovannini M (n=66), followed by
Yamao K (n=61), Brugge WR (n=59), and Palazzo L (n=58)
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(Figure 6A). Moreover, the citation number, h-index, and g-
index were also used to evaluate the author’s contributions.
Citations in this field indicate that Brugge W ranked first (4388
citations), followed by Palazzo L (3896 citations) and Eloubeidi
M (3237 citations) (Figure 6B).

The highest h-index was recorded by Eloubeidi M. (n=31),
followed by publications from Brugge W (n=29) and Palazzo L
(n=28) (Figure 6C). The publications’ g-index from Eloubeidi M
(n=50) was also first, followed by that from Palazzo L. (n=48)
and Yamao K (n=47) (Figure 6D). Collaborations between the
authors were depicted in the network map in Figure 6E.

Citation and co-citation of publications

The citation network map of Publications that have more
than 200 citations was shown in Figure 7A. And the top 10
articles with the highest citations were shown in Table 1. There
were 939 citations for the publication written by Brugge W et al.
from the Journal of Gastroenterology in 2004, followed by the
article published by Tanaka M et al. in the Journal of
Pancreatology in 2017, with 647 citations, and Rosch T et al.
in the Journal of New England Journal of Medicine in 1992, with
532 citations. The citation network map of references that were
co-cited in more than 150 citations is shown in Figure 7B. With
active co-cited corporations with “Varadarajulu S” and “Dewitt
J,” “Wiersema M” had the most publications among them all. In
Table 2, the top 10 references with the most co-citations were
presented. The top three references with the most citations were
from Wiersema M [1997, 605 citations], Chang K [1997; 482
citations], and Brugge W [2004, 474 citations].

Analysis of keywords

We extracted keywords from the publications and analyzed
co-occurrence via VOSviewer. A co-occurrence association was
created between two keywords when they occurred in the same
article. Strong co-occurring keywords can more precisely reveal
research hotspots than a single term. A total of 100 keywords that
were found to appear more than 50 times were used to construct
the network visualization map (Figure 8A). And the top 10
keywords were diagnosis, cancer, management, pancreatic
cancer, carcinoma, biopsy, tumors, pancreas, adenocarcinoma,
lesions. The line that connects two terms in this keyword network
map gets changed off as a sign. The number of occurrences was
represented by the size of the bubble. The network visualization
map’s colors show the several clusters that the keywords formed.
And in Figure 8B, each keyword was colored according to the
moment when it emerged. The color of keywords served as a
visual representation of when they first appeared, with blue
implying an early introduction and yellow suggesting a more
recent emergence.
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Country/region analysis. (A)The cooperation of countries/regions in this field from 1984 to 2021. (B) Country collaboration map in this field from
1984 to 2021.
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Discussion
Research trends

A bibliometric analysis was performed to introduce the
development of EUS in pancreatic tumor diseases based on
articles published from 1984 to 2021. In 1984, there was only one
publication, which might because the area was still developing,
but increased to 310 in 2020, especially in the last decade (2010-
2021, the number of annual publications has exceeded 160),
which reflects the hot research status in this field in recent years.
Our investigation revealed a general upward trend in the annual
production of this research, indicating that more people have
been paying attention to it lately. The top five producing
countries were the USA, Japan, Germany, France, and Italy,
demonstrating their prominence in the field of this research.
According to the country collaboration map, North America and
Europe have produced the most articles among the top 20
nations, indicating that these two areas may have great
potential for study and growth. These top contributing nations
and regions were connected on the network map and nation
collaboration map, demonstrating the research’s global scope.
This sort of international collaboration might promote academic
exchange, draw better scientists to the topic, and speed up
research on the application of EUS in pancreatic tumors.

Author analyses allow for a more thorough and unbiased
assessment of researchers’ contributions, the quality of their work,
and their academic standing in a field of study. The 20 most
productive authors in this area were also active scholars. Brugge
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W has the most citations, Eloubeidi M currently has the greatest
h-index, and Giovannini M published the most publications.
According to our study, the most well-known and respected
authors in the field using these facts and indications may be
identified. Notably, the majority of the authors were from
organizations affiliated with universities and hospitals.
Additionally, we evaluated the co-authorship of more than 20
papers and discovered that while there was some coordination
and contact, it wasn’t close. Therefore, author collaboration
should be the main topic of future study. To put it another way,
by identifying these leaders, we would be able to review the
literature before starting new EUS-related research and quickly
and accurately understand how this subject has developed.

As to the journals, the results showed that GIE, Endoscopy,
Pancreas, Pancreatology, and World Journal of Gastroenterology
were the most prevalent journals. The journals shown in the
network map’s co-citation frequency were closely related to one
another in the field. This could guide new researchers who want to
conduct their research and submit remarkable findings in this
area. These journals mainly focus on clinical studies, and this
research will mainly focus on the clinical field in the future.

Research status

The number of citations that an article obtains may be the
most crucial bibliometric characteristic because it indicates how
relevant and significant a study is in academic research. In this
study, we analyzed the publications with citations from 1984 to

frontiersin.org
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2021. And found that among the 4071 publications, 272 (6.69%)
articles were cited more than 100 times. And the top 10 cited

articles were listed in detail. Overall, eight of the top 10

publications were related to the diagnosis of EUS in pancreatic

TABLE 1 Top 10 citation analysis of publications.

diseases, which indicated the vital function of EUS in the

diagnosis of pancreatic diseases. According to keywords co-

occurrence analysis, hotspots, subjects and trends are able to

identify to guide researchers or clinicians to comprehend the

Rank Author Title Source Year Country Affiliation Total
Citation
1 Brugge W Diagnosis of pancreatic cystic neoplasms: a report of the GASTROENTEROLOGY 2004 USA Massachusetts 934
cooperative pancreatic cyst study General Hospital,
Boston
2 Tanaka M Revisions of international consensus Fukuoka guidelines for =~ PANCREATOLOGY 2017  Japan Shimonoseki City 647
the management of IPMN of the pancreas Hospital,
Shimonoseki
3 Rosch T Localization of pancreatic endocrine tumors by endoscopic N ENGL ] MED 1992 Germany  Technical 532
ultrasonography University of
Munich, Munich
4 Tempero M Pancreatic Adenocarcinoma, Version 2.2017, NCCN Clinical ] NATL COMPR 2017 USA University of 529
Practice Guidelines in Oncology CANCER NETW California, San
Francisco
5 Vege S American gastroenterological association institute guideline =~ GASTROENTEROLOGY 2015 USA Mayo Clinic, 516
on the diagnosis and management of asymptomatic Rochester
neoplastic pancreatic cysts
6 Williams D Endoscopic ultrasound guided fine needle aspiration biopsy: ~ GUT 1999 USA Medical University 484
a large single centre experience of South Carolina,
Charleston
7 Chang K The clinical utility of endoscopic ultrasound-guided fine- GASTROINTEST 1997 USA University of 457
needle aspiration in the diagnosis and staging of pancreatic =~ ENDOSC California, San
carcinoma Francisco
8 Canto M International Cancer of the Pancreas Screening (CAPS) GUT 2013 USA Johns Hopkins 443
Consortium summit on the management of patients with University
increased risk for familial pancreatic cancer
9 Del Chiaro European evidence-based guidelines on pancreatic cystic GUT 2018 USA University of 439
neoplasms Colorado Cancer
Center, Colorado
10 Hewitt M EUS-guided FNA for diagnosis of solid pancreatic GASTROINTEST 2012 UK Imperial College 438
neoplasms: a meta-analysis ENDOSC London, London
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TABLE 2 Top 10 co-citation analysis of cited reference.

10.3389/fonc.2022.980415

Rank  Author Title Source Year Country Affiliation Co-citations

1 Wiersema M Endosonography-guided fine-needle GASTROENTEROLOGY 1997 USA St Vincents Hosp, 605
aspiration biopsy: Diagnostic accuracy and Indianapolis
complication assessment

2 Chang K The clinical utility of endoscopic ultrasound- ~ GASTROINTEST 1997  USA US Department of Veterans 482
guided fine-needle aspiration in the diagnosis ENDOSC Affairs
and staging of pancreatic carcinoma

3 Brugge W Diagnosis of pancreatic cystic neoplasms: a GASTROENTEROLOGY 2004 USA Massachusetts General 474
report of the cooperative pancreatic cyst Hospital, Boston
study

4 Harewood G Endosonography-guided fine needle AM ] 2002 USA Mayo Clinic, Rochester 461
aspiration biopsy in the evaluation of GASTROENTEROL
pancreatic masses

5 Williams D Endoscopic ultrasound guided fine needle GUT 1999 USA Medical University of South 436
aspiration biopsy: a large single centre Carolina, Charleston
experience

6 Rosch T Endoscopic ultrasound in pancreatic tumor ~ GASTROINTEST 1991 Germany  Technical University of 433
diagnosis ENDOSC Munich, Munich

7 Voss M Value of endoscopic ultrasound guided fine ~ GUT 2000 France Beaujon Hospital, Clichy 425
needle aspiration biopsy in the diagnosis of
solid pancreatic masses

8 Gress F Endoscopic ultrasonography-guided fine- ANN INTERN MED 2001 USA Winthrop-University 413
needle aspiration biopsy of suspected Hospital,Mineola
pancreatic cancer

9 Eloubeidi M Endoscopic ultrasound-guided fine needle AM ] 2003 USA Univ Alabama 381
aspiration biopsy of patients with suspected =~ GASTROENTEROL Birmingham,Birmingham
pancreatic cancer: Diagnostic accuracy and
acute and 30-day complications

10 Palazzo L Endoscopic ultrasonography in the diagnosis ENDOSCOPY 1993  France Beaujon Hospital, Clichy 359

and staging of pancreatic adenocarcinoma.
Results of a prospective study with
comparison to ultrasonography and CT scan

development of related studies of EUS in pancreatic tumor
diseases. In Figure 8, as was shown in the network map, the
co-occurrences of keywords were analyzed and mainly clustered
into three research subjects or trends. In this study, the hotpots
of the progress of EUS in pancreatic diseases were as follows.

Classification of pancreatic
tumor disease

Pancreatic tumor diseases were classified into benign tumors
and malignant tumors. And benign included serous
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cystadenoma (SCN), pancreatic intraepithelial neoplasia
(PanIN), mucinous cystic neoplasm (MCN), intraductal
papillary mucinous neoplasm (IPMN), intraductal oncocytic
papillary neoplasm (IOPN), intraductal tubulepapillary
neoplasm (ITPN), and pancreatic neuroendocrine neoplasms
(pNENSs) (11). Among malignant tumors, pancreatic ductal
adenocarcinoma (PDAC) has the highest incidence and
malignancy, others included acinic cell carcinoma, pancreatic
blastoma, and so on. Notably, endoscopic ultrasonography is
crucial for the detection and management of both benign and
malignant pancreatic tumors (12).

Development of EUS in the diagnosis of
pancreatic tumor diseases

EUS can directly display the pancreatic tissue structure and
the adjacent relationship of the surrounding organs. Compared
with traditional imaging examination, EUS has a higher
sensitivity and specificity in the diagnosis of pancreatic
diseases and was recommended in guidelines. According to
our study, the development of EUS in the diagnosis of
pancreatic diseases were shown in detail.

In 1980, DiMagno. et al. (2) developed EUS for the
evaluation of digestive diseases for the first time. As the whole
pancreas can be visualized without any blind spots in the
ultrasonographic images, EUS had gradually become an
important diagnostic tool for pancreatic diseases. For the next
decades, EUS was primarily used to aid in the diagnosis of
pancreatic diseases. Strohm WD et al. (13) applied it to diagnose
a pancreatic tumor in 1984 for the first time. However, on
account of the lack of pathological confirmation of EUS, the
clinical role of EUS had been restricted. But the advent of EUS-
guided fine needle aspiration (EUS-FNA) offered a new
diagnostic strategy for pancreatic tumor disease. In 1992, Peter
et al. (14) successfully performed EUS-FNA on a patient with a
pancreatic disease which could not be diagnosed by
conventional methods, and obtained pancreatic tissue, which
was suggested by pathology as mucinous cystic neoplasm.
Pathological diagnosis, which cannot be obtained by EUS but
could be acquired by EUS-FNA, is the gold standard for many
diseases, which has promoted the development of EUS and made
great progress. The method of EUS-FNA is not limited to
pancreatic diseases, but applies to other lesions of the adjacent
organs and structures.

In 1995, Kato et al. (15) in Japan first used the perfusion
imaging approach in combination with EUS, an enhanced
harmonic EUS has been developed, which was performed by
injecting carbon dioxide through the angiographic catheter
inserted into the celiac trunk or superior mesenteric artery
during EUS circumferential scanning. Because of its
advantages of high-resolution ultrasound and contrast-
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enhanced ultrasound, it is of great significance for
distinguishing the characterization of solid and cystic
pancreatic lesions, judging the stage of pancreatic cancer and
vascular involvement (16). In 2002, Maurits J et al. (17) reported
EUS-guided needle biopsy (EUS-TNB), which is similar to EUS-
FNA but can obtain more reliable tissue for pathological
diagnosis. In 2007, Janssen J et al. (EUS-EG 2007) reported
the clinical use of EUS-elastography (EUS-EG) in pancreatic
disease. EG is the technology that can image the differences of
distortion between the soft tissue and the hard tissue in real-
time. So it can study imaging of tumors and spreading diseases
that cannot be detected by traditional ultrasound. Since then,
EUS-EG has been widely used in the differential diagnosis of
pancreatic solid mass, benign and malignant lymph nodes,
gastrointestinal submucosal masses, and some other solid
tumors. Endoscopic confocal laser endomicroscopy (CLE) is a
new endoscopic confocal laser microscope that integrates
traditional endoscopy under microscopic imaging technology,
real-time histologic diagnosis in the endoscopic examination at
the same time, through dynamic observation on the surface of
the magnified 1000 times of particular organization cells, blood
vessels, basement membrane, and stroma morphology and
structure, and was called ‘optical biopsy under endoscopy’
(18). In 2011, Konda et al. (19) first applied this technique to
evaluate the feasibility of nCLE of pancreatic lesions. Shortly
afterward, the technique gradually matured and is mainly used
in the differential diagnosis of pancreatic cystic lesions, solid
pancreatic mass and enlarged lymph nodes.

Endoscopic ultrasonography (EUS) can perform personalized
and real-time scanning of pancreatic lesions in the stomach or
duodenal cavity at the nearest distance, and is one of the most
sensitive methods for finding small pancreatic lesions. It can find
lesions only 2mm in size, which has become one of the most
accurate methods for locating pancreatic cancer and is conducive
to the early detection of pancreatic cancer. Since its inception in
the 1980s, this technique has played a huge role in the diagnosis of
pancreatic diseases, especially with the development of assistive
imaging, such as the CHE, EG, CLE and so on, and the
development of EUS-FNA and EUS-FNB has brought the role
of EUS to a new level. At present, EUS has been recommended as
a critical diagnostic way in many clinical guidelines.

Development of EUS in the treatment of
pancreatic tumor diseases

EUS not only can be used as a diagnostic tool for pancreatic
diseases, but also has made significant breakthroughs in the
transformation into minimally invasive intervention therapy
with the continuous development of technological progress,
and has become an important treatment method for
pancreatic diseases.
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EUS-guided ablation is a reliable treatment for patients with
inoperable pancreatic diseases, high surgical risk, or rejection of
surgery, mainly including ethanol ablation, mixed cryogenic
ablation, radiofrequency ablation, photodynamic ablation, and
laser ablation. EUS- radiofrequency ablation (RFA) is a novel
tumor treatment method, which causes coagulation necrosis in
surrounding tissues by releasing heat through a high-frequency
current, and is widely used in the treatment of liver, lung and
kidney tumors. Goldberg et al. (20) in 1999 reported the use of
EUS-guided radiofrequency ablation for pancreatic diseases in
porcine models for the first time. This study indicated that EUS-
guided radiofrequency ablation can be used to produce
coagulation necrosis in the porcine pancreas lesions. As
technology continues to advance, it has become the most
widely used way of ablation in the pancreas at present.

EUS-guided photodynamic ablation (PDT) is a tumor-
specific ablative therapy that combines photosensitive drugs
with EUS-guided light irradiation to produce oxygen-free
radicals leading to cell death. Chan et al. (21) in 2003 first
introduced the application of EUS-guided photodynamic
therapy (PDT) in the pancreas. This study confirmed that
EUS-PDT is safe and effective for advanced focal pancreatic
cancer to a certain extent, but it remains to be further proved by
further studies.

Pain is the most common complication in patients with
pancreatic cancer, and peritoneal plexus block is a first-line
adjuvant for the treatment of pain in patients with pancreatic
cancer. Wiersema et al. (22) proposed in 1996 that EUS-celiac
plexus neurolysis (CPN) could relieve the pain of patients with
pancreatic patients. In addition, EUS-CPN can also improve the
survival rate of patients with pancreatic cancer. Fuji-Lau et al.
(23) showed in a case-control study that patients treated with
EUS-CPN had a longer survival time compared with patients
without. However, EUS-CPN does not eliminate pain, but only
relieves it to some extent.

EUS-guided intratumoral fine-needle injection (EUS-FNI) is
a relatively new targeted therapy that aims to maximize
intratumoral drug concentration while minimizing systemic
exposure and drug toxicity. As a result, it can be applied as a
preoperative intervention to reduce tumor size or as a palliative
care measure for unresectable tumors with obstructive
symptoms. Currently, EUS-FNI can be used for a variety of
interventions, including chemotherapy, immunotherapy,
oncolytic virus therapy and tumor implantation. Chang et al.
(24) in 2000 conducted the first clinical trial using EUS-FNI to
directly inject anti-tumor agents into local cancer, which
delivered allogeneic mixed lymphocyte cultures to unresectable
pancreatic adenocarcinoma and the median survival of patients
was 13.2 months with no operation-related complications. EUS-
guided ethanol ablation is a novel alternative therapy for
pancreatic cystic tumors and pancreatic neuroendocrine
tumors in recent years, and its safety and feasibility have been
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reported in some studies (25, 26). EUS-FNI has precise
localization and fewer adverse reactions, which can improve
the clinical therapeutic effect of pancreatic masses.

Peripancreatic eftusion is a common local complication
after pancreatitis or pancreatic trauma. The fluid is divided
into acute peripancreatic fluid accumulation, acute necrotic
accumulation, pancreatic pseudocyst and walled-off necrosis
(27). Pancreatic pseudocyst has clear cyst walls and few necrotic
components, which usually appear 4 weeks after acute
pancreatitis or pancreatic trauma, and a small part of them
are secondary to chronic pancreatitis (28). The most common
decompression indications of pancreatic pseudocyst are
abdominal pain, infection, and biliary obstruction, and cysts
(> 6¢cm in diameter) that continue to grow or remain unhealed
for more than 6 weeks. Pancreatic abscesses and walled-off
necrosis often need drainage intervention. Drainage is
generally performed 4-6 weeks after the formation of
peripancreatic effusion and full liquefaction of mature
necrotic material in the capsule wall (29). In 1992, Grimm
et al. (30) first proposed EUS-guided drainage therapy for
pancreatic pseudocysts., which concluded that EUS-guided
drainage is as effective as percutaneous drainage in the
treatment of pancreatic pseudocysts.

Interstitial brachytherapy is an effective method for local
control of pancreatic malignancies. Radioactive particles are
implanted in and around the target tissue, exposing the target
tissue to 7y rays, resulting in local tissue damage and tumor
ablation. Importantly, these radioactive seeds have a very low
dose rate and penetration depth of no more than 1.7 ¢cm, thus
minimizing radiation exposure and damage to adjacent organs
(31). Sun et al. (32) in 2005 showed for the first time in a pig
model that the implantation of radioactive particles into
pancreatic tissues guided by EUS is a safe and feasible
brachytherapy method. The most popular radioactive particle
is iodine-125, which has a half-life of 59.7 days and is suitable for
fast-growing tumors such as pancreatic cancer.

Strengths and limitations

An objective quantitative analysis was made of the existing
literatures by using bibliometrics. Researchers and clinicians’
understanding of the worldwide presentation and patterns of
EUS development in pancreatic tumors may be improved by
these findings and recommendations. Our research has several
advantages. First of all, this study for the first time used the
bibliometrics analysis method with a deep insight to present the
global development, status and trend of research on EUS in
pancreatic tumor diseases. Secondly, our study uses widely used
tools, which ensure the reliability of the data. Thirdly,
bibliometric analysis is more thorough and objective than
conventional literature evaluations. However, similar to other
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bibliometric analyses, this study also has some limitations. First,
we only searched articles in the WOS database; we did not search
other databases like PubMed or Embase, thus some publications
may have been missed. However, it is worth noting that the
WOC is the one that is most frequently utilized in the
bibliometric analysis. Secondly, there may be differences
between bibliometric analysis results and actual research
conditions. Our conclusions are based on research that has
been published, however some crucial material might not have
appeared in academic papers. Thirdly, there may not have been a
thorough discussion in our research because some of the recently
released significant articles may not have received enough
attention from scholars. Despite these limitations, our study
provides an elaborate global perspective on EUS of pancreatic
tumor diseases research over the past five decades.

Conclusion

A thorough overview of the global research on EUS in
pancreatic tumor diseases during the past decades was shown
using bibliometric analysis. This topic is going through a period
of tremendous development, and more scholars are becoming
interested in it. Research results indicate that the USA
contributed the most to productivity, and it connected closely
with other countries, such as Japan, China, England, Germany,
France, Italy, and Japan. And journals such as GIE, Endoscopy,
Pancreas, Pancreatology and World Journal of Gastroenterology
pay close attention to developments in the field. With the
development of endoscopic technology and equipment, EUS
has gradually developed from a simple diagnostic method to a
significant part of interventional treatment of digestive system
diseases, especially playing an important role in the diagnosis
and treatment of pancreatic diseases. The topic of EUS in
Pancreatic tumor diseases is worthy of continued follow-up by
researchers, and we believe that this study contributes valuable
information for researchers and clinicians.

References

1. Cazacu IM, Luzuriaga Chavez AA, Saftoiu A, Vilmann P, Bhutani MS. A
quarter century of EUS-FNA: Progress, milestones, and future directions. Endosc
Ultrasound (2018) 7(3):141-60. doi: 10.4103/eus.eus_19_18

2. DiMagno EP, Buxton JL, Regan PT, Hattery RR, Wilson DA, Suarez JR, et al.
Ultrasonic endoscope. Lancet (8169) 1980:1. doi: 10.1016/s0140-6736(80)91122-8

3. Xiao AY, Tan MLY, Wu LM, Asrani VM, Windsor JA, Yadav D, et al. Global
incidence and mortality of pancreatic diseases: a systematic review, meta-analysis,
and meta-regression of population-based cohort studies. Lancet Gastroenterol
Hepatol (2016) 1(1):45-55. doi: 10.1016/s2468-1253(16)30004-8

4. Zhang Q, Zeng L, Chen Y, Lian G, Qian C, Chen §, et al. Pancreatic cancer
epidemiology, detection, and management. Gastroenterol Res Pract (2016)
2016:8962321. doi: 10.1155/2016/8962321

5. Canto MI, Harinck F, Hruban RH, Offerhaus GJ, Poley JW, Kamel I, et al.
International cancer of the pancreas screening (CAPS) consortium summit on the

Frontiers in Oncology

13

10.3389/fonc.2022.980415

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Author contribution

CX: data collection and paper writing. HY: statistical
analysis. KZ: interpretation of data. ZW and XY: literature
search. HH: manuscript review. All authors contributed to the
article and approved the submitted version.

Funding

Funded by the National Outstanding Youth Science Fund
Project of National Natural Science Foundation of China (to
H.J.H.), No. 82022008.

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.

management of patients with increased risk for familial pancreatic cancer. Gut
(2013) 62(3):339-47. doi: 10.1136/gutjnl-2012-303108

6. DaVee T, Coronel E, Papafragkakis C, Thaiudom S, Lanke G, Chakinala RC,
et al. Pancreatic cancer screening in high-risk individuals with germline genetic
mutations. Gastrointest Endosc (2018) 87(6):1443-50. doi: 10.1016/j.gie.2017.12.019

7. Saftoiu A, Hassan C, Areia M, Bhutani MS, Bisschops R, Bories E, et al. Role
of gastrointestinal endoscopy in the screening of digestive tract cancers in Europe:
European society of gastrointestinal endoscopy (ESGE) position statement.
Endoscopy (2020) 52(4):293-304. doi: 10.1055/a-1104-5245

8. Agarwal P, Searls DB. Can literature analysis identify innovation drivers in
drug discovery? Nat Rev Drug Discovery (2009) 8(11):865-78. doi: 10.1038/nrd2973

9. Sugimoto CR, Ahn YY, Smith E, Macaluso B, Lariviére V. Factors affecting

sex-related reporting in medical research: a cross-disciplinary bibliometric analysis.
Lancet (2019) 393(10171):550-9. doi: 10.1016/s0140-6736(18)32995-7

frontiersin.org


https://doi.org/10.4103/eus.eus_19_18
https://doi.org/10.1016/s0140-6736(80)91122-8
https://doi.org/10.1016/s2468-1253(16)30004-8
https://doi.org/10.1155/2016/8962321
https://doi.org/10.1136/gutjnl-2012-303108
https://doi.org/10.1016/j.gie.2017.12.019
https://doi.org/10.1055/a-1104-5245
https://doi.org/10.1038/nrd2973
https://doi.org/10.1016/s0140-6736(18)32995-7
https://doi.org/10.3389/fonc.2022.980415
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Xia et al.

10. Hirsch JE. An index to quantify an individual's scientific research output.
Proc Natl Acad Sci U S A (2005) 102(46):16569-72. doi: 10.1073/pnas.0507655102

11. Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P,
et al. The 2019 WHO classification of tumours of the digestive system.
Histopathology (2020) 76(2):182-8. doi: 10.1111/his.13975

12. Canakis A, Law R, Baron T. An updated review on ablative treatment of
pancreatic cystic lesions. Gastrointest Endosc (2020) 91(3):520-6. doi: 10.1016/
1.8€.2019.09.037

13. Strohm WD, Kurtz W, Hagenmiiller F, Classen M. Diagnostic efficacy of
endoscopic ultrasound tomography in pancreatic cancer and cholestasis. Scand J
Gastroenterol Suppl (1984) 102:18-23.

14. Vilmann P, Jacobsen GK, Henriksen FW, Hancke S. Endoscopic
ultrasonography with guided fine needle aspiration biopsy in pancreatic disease.
Gastrointest Endosc (1992) 38(2):172-3. doi: 10.1016/s0016-5107(92)70385-x

15. Kato T, Tsukamoto Y, Naitoh Y, Hirooka Y, Furukawa T, Hayakawa T.
Ultrasonographic and endoscopic ultrasonographic angiography in pancreatic
mass lesions. Acta Radiol (1995) 36(4):381-7.

16. Worni M, Guller U, White RR, Castleberry AW, Pietrobon R, Cerny T, et al.
Modest improvement in overall survival for patients with metastatic pancreatic
cancer: a trend analysis using the surveillance, epidemiology, and end results
registry from 1988 to 2008. Pancreas (2013) 42(7):1157-63. doi: 10.1097/
MPA.0b013e318291fbc5

17. Janssen J, Schlorer E, Greiner L. EUS elastography of the pancreas: feasibility and
pattern description of the normal pancreas, chronic pancreatitis, and focal pancreatic
lesions. Gastrointest Endosc (2007) 65(7):971-8. doi: 10.1016/j.gie.2006.12.057

18. Anand K, Kahaleh M, Tyberg A. Use of needle-based confocal laser
endomicroscopy in the diagnosis and management of pancreatic cyst lesions.
Endosc Ultrasound (2018) 7(5):306-9. doi: 10.4103/eus.eus_46_18

19. Konda V], Aslanian HR, Wallace MB, Siddiqui UD, Hart J, Waxman I. First
assessment of needle-based confocal laser endomicroscopy during EUS-FNA
procedures of the pancreas (with videos). Gastrointest Endosc (2011) 74(5):1049—
60. doi: 10.1016/j.gie.2011.07.018

20. Goldberg SN, Mallery S, Gazelle GS, Brugge WR. EUS-guided
radiofrequency ablation in the pancreas: results in a porcine model. Gastrointest
Endosc (1999) 50(3):392-401. doi: 10.1053/ge.1999.v50.98847

21. Chan HH, Nishioka NS, Mino M, Lauwers G, Brugge W. The use of
endoscopic ultrasound (EUS)-guided photodynamic therapy (PDT) in the ablation
of the pancreas: A pilot study. Gastrointest Endosc (2003) 57(5):AB242-2.

Frontiers in Oncology

14

10.3389/fonc.2022.980415

22. Wiersema M]J, Wiersema LM. Endosonography-guided celiac plexus
neurolysis. Gastrointest Endosc (1996) 44(6):656-62. doi: 10.1016/s0016-5107(96)
70047-0

23. Fujii-Lau LL, Bamlet WR, Eldrige JS, Chari ST, Gleeson FC, Abu Dayyeh
BK, et al. Impact of celiac neurolysis on survival in patients with pancreatic cancer.
Gastrointest Endosc (2015) 82(1):46-56.e2. doi: 10.1016/j.gie.2014.12.036

24. Chang KJ, Nguyen PT, Thompson JA, Kurosaki TT, Casey LR, Leung EC,
et al. Phase I clinical trial of allogeneic mixed lymphocyte culture (cytoimplant)
delivered by endoscopic ultrasound-guided fine-needle injection in patients with
advanced pancreatic carcinoma. Cancer (2000) 88(6):1325-35. doi: 10.1002/(sici)
1097-0142(20000315)88:6<1325::aid-cncr8>3.0.c0;2-t

25. Gan SI, Thompson CC, Lauwers GY, Bounds BC, Brugge WR. Ethanol
lavage of pancreatic cystic lesions: initial pilot study. Gastrointest Endosc (2005) 61
(6):746-52. doi: 10.1016/s0016-5107(05)00320-2

26. Park DH, Choi JH, Oh D, Lee SS, Seo DW, Lee SK, et al. Endoscopic
ultrasonography-guided ethanol ablation for small pancreatic neuroendocrine
tumors: results of a pilot study. Clin Endosc (2015) 48(2):158-64. doi: 10.5946/
ce.2015.48.2.158

27. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, et al.
Classification of acute pancreatitis—2012: revision of the Atlanta classification and
definitions by international consensus. Gut (2013) 62(1):102-11. doi: 10.1136/
gutjnl-2012-302779

28. Halonen KI, Pettild V, Leppidniemi AK, Kemppainen EA, Puolakkainen PA,
Haapiainen RK. Multiple organ dysfunction associated with severe acute
pancreatitis. Crit Care Med (2002) 30(6):1274-9. doi: 10.1097/00003246-
200206000-00019

29. Seewald S, Ang TL, Teng KC, Soehendra N. EUS-guided drainage of
pancreatic pseudocysts, abscesses and infected necrosis. Dig Endosc (2009) 21
Suppl 1:561-5. doi: 10.1111/j.1443-1661.2009.00860.x

30. Grimm H, Binmoeller KF, Soehendra N. Endosonography-guided drainage
of a pancreatic pseudocyst. Gastrointest Endosc (1992) 38(2):170-1. doi: 10.1016/
50016-5107(92)70384-8

31. Jin Z, Chang KJ. Endoscopic ultrasound-guided fiducial markers and
brachytherapy. Gastrointest Endosc Clin N Am (2012) 22(2):325-x. doi: 10.1016/
j.giec.2012.04.012

32. Sun S, Qingjie L, Qiyong G, Mengchun W, Bo Q, Hong X. EUS-guided
interstitial brachytherapy of the pancreas: a feasibility study. Gastrointest Endosc
(2005) 62(5):775-9. doi: 10.1016/j.gie.2005.06.050

frontiersin.org


https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1111/his.13975
https://doi.org/10.1016/j.gie.2019.09.037
https://doi.org/10.1016/j.gie.2019.09.037
https://doi.org/10.1016/s0016-5107(92)70385-x
https://doi.org/10.1097/MPA.0b013e318291fbc5
https://doi.org/10.1097/MPA.0b013e318291fbc5
https://doi.org/10.1016/j.gie.2006.12.057
https://doi.org/10.4103/eus.eus_46_18
https://doi.org/10.1016/j.gie.2011.07.018
https://doi.org/10.1053/ge.1999.v50.98847
https://doi.org/10.1016/s0016-5107(96)70047-0
https://doi.org/10.1016/s0016-5107(96)70047-0
https://doi.org/10.1016/j.gie.2014.12.036
https://doi.org/10.1002/(sici)1097-0142(20000315)88:6%3C1325::aid-cncr8%3E3.0.co;2-t
https://doi.org/10.1002/(sici)1097-0142(20000315)88:6%3C1325::aid-cncr8%3E3.0.co;2-t
https://doi.org/10.1016/s0016-5107(05)00320-2
https://doi.org/10.5946/ce.2015.48.2.158
https://doi.org/10.5946/ce.2015.48.2.158
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.1097/00003246-200206000-00019
https://doi.org/10.1097/00003246-200206000-00019
https://doi.org/10.1111/j.1443-1661.2009.00860.x
https://doi.org/10.1016/s0016-5107(92)70384-8
https://doi.org/10.1016/s0016-5107(92)70384-8
https://doi.org/10.1016/j.giec.2012.04.012
https://doi.org/10.1016/j.giec.2012.04.012
https://doi.org/10.1016/j.gie.2005.06.050
https://doi.org/10.3389/fonc.2022.980415
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The global research status and trends of the application of endoscopic ultrasonography in pancreatic tumors over the last decades: A bibliometric study
	Introduction
	Methods
	Data source and collection
	Statistical analysis

	Results
	Annual output
	Country/region analysis
	Journal analysis
	Author analysis
	Citation and co-citation of publications
	Analysis of keywords

	Discussion
	Research trends
	Research status
	Classification of pancreatic tumor disease
	Development of EUS in the diagnosis of pancreatic tumor diseases
	Development of EUS in the treatment of pancreatic tumor diseases
	Strengths and limitations

	Conclusion
	Data availability statement
	Author contribution
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


