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Abstract

BACKGROUND

The United States of America (USA) has witnessed significant advancements in the field
of organ transplantation over the course of the last five decades, as demonstrated by a
notable increase in the quantity of academic research. The presence of a highly dynamic
research environment necessitates continuous evaluations to maintain the integrity and

progress of the field.

AIM

To evaluate the total output and thematic emphasis of transplant research conducted in

the United States.

METHODS

On January 10, 2023, we conducted a bibliometric search of USA research output in
transplantation journals from the Web of Science database's Science Citation Index
Expanded. We excluded editorials, meeting abstracts, and other non-article types. We
analyzed annual trends, authors, institutions, articles, keywords, and countries

collaborating with the USA, using VOSviewer 1.6.18 to create figures and tables.

RESULTS




The USA published 25,956 papers—3,078 reviews and 22,878 articles—representing
37.7% of the world's scientific output. Canada emerged as the top collaborator with the
USA, co-authoring 1,263 articles. Leading institutions in USA transplantation research
were the University of Pittsburgh (1,749 articles), Mayo Clinic (1,605 articles), Harvard
Medical School (1,549 articles), and Johns Hopkins University (1,280 articles). The top

mn

three keywords with over 2000 occurrences were "recipients," "survival," and "outcomes,"

indicating a focus on graft and recipient outcome markers by USA researchers.

CONCLUSION

Our findings demonstrate the USA's leadership in organ transplantation research,
contributing significantly to the global scientific output in this field. However,
opportunities exist for fostering expansive partnerships, particularly with developing
countries. This study provides valuable insights into the transplantation research
landscape in the USA, emphasizing the importance of ongoing evaluations to maintain
and propel advancements in this critical medical discipline. The results may facilitate
future collaborations, knowledge exchange, and the pursuit of innovative solutions in the

realm of organ transplantation.
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Core Tip: This manuscript presents a compelling bibliometric analysis exploring the
United States of America's pioneering productivity in the field of organ transplantation
research. The study delves into 50 years of academic publications, providing valuable

insights into annual trends, key authors, institutions, top keywords, and international




collaborations. With 25,956 papers published, representing 37.7% of the world's output,
this research highlights the USA's dominant position. The findings emphasize the
significance of ongoing evaluations in sustaining advancements and fostering potential
collaborations. Reviewers will appreciate the comprehensive approach and the potential

to shape future research directions in transplantation

INTRODUCTION

Organ transplantation in the USA has a long and storied history!-3. Since the early twenty
century, American researchers, along with others from around the world, have made
incredible strides in understanding the fundamentals of transplantation 4. However, the
first successful organ transplant did not occur until the middle of the twentieth century,
when the Murray team in Boston performed the first kidney transplantation in the globe
5. The field of transplantation in the USA has advanced significantly in the last 50 years;
this advancement in the field has resulted in a large number of publications.

The total number of scientific papers and citations is a marker in international scientific
rankings and a measure of the academic productivity of the field for countries,
organizations, and even researchers. Continuous evaluation of research publications is
crucial to the growth and maintenance of the research enterprise. The SCImago Journal
& Country Rank shows that in 2021, the USA published 726,552 scientific papers, up from
603,364 in 2010 and 371,642 in 2000. According to the SCImago report, the number of
medical publications published in 2021 was 296782, up from 190,470 in 2010 and 134,443
in 2000°. However, the progress in academic performance of organ transplantation

research in the USA has rarely been studied.

Bibliometric analysis is frequently employed to study patterns in scholarly publications
and the relative significance of articles on a particular subject 7. Numerous medical
specialties, including surgical oncology, anesthesia, cosmetic and reconstructive surgery,

and others, have increasingly used bibliometric analysis to evaluate the output of national




research in recent years 113, However, to our knowledge, bibliometric studies of articles
written in the USA about organ transplantation have not been done before.

In this study, we aimed to evaluate the research output of the United States in the field
of organ transplantation and the contributions of US transplant centers and researchers
from 1998 to 2022. We also aimed to assess the development of the research status of
organ transplantation in the United States by evaluating research interests and hot topics

over time.

MATERIALS AND METHODS

Data collection and retrieval methods

On January 10, 2023, a bibliographic search was undertaken to identify the publications
published in transplantation journals in the USA. The journals were collected from the
transplantation category of the Science Citation Index Expanded provided by Clarivate
in the Web of Science database. The Web of Science database has a vast collection of
academic journals, providing a comprehensive historical view of academic publications.
The utilization of databases such as Scopus and PubMed provide valuable insights.
However, because of its extensive breadth and historical coverage, Web of Science
emerged as the most suitable option for our specific research investigation (14). We chose
the Science Citation Index Expanded over the Emerging Sources Citation Index explicitly.
The selection was made of the well-established reputation of the Expanded Index in the
field of bibliometric studies. Within the transplantation category, every material from the
Emerging Sources Citation Index was represented in the Expanded section, Notably, the
sole exception was the Journal of Transplantation, which was listed under Emerging
Sources Citation Index only and comprised only eight articles. Given the limited content
from this journal and the comprehensive coverage offered by Expanded section, we
deemed the latter more appropriate for our study rendering it unnecessary to reference
both categories concurrently.

We have queried the Web of Science database using the publication titles to search all

documents published in transplantation journals in the field "publication titles," listed in




the supplement file. Articles published after 1998 were available only on the Web of
Science Data and were included. We only included articles or reviews; we did not include
abstracts of meetings, letters, notes, editorials, or errata. All the included articles were in
English, but one was in Russian. We did not include journals related to bone marrow
transplant and artificial organs, which were: BONE MARROW TRANSPLANTATION,
STEM CELLS AND DEVELOPMENT, BIOLOGY OF BLOOD AND MARROW
TRANSPLANTATION, ARTIFICIAL ORGANS, INTERNATIONAL JOURNAL OF
ARTIFICIAL ORGANS, JOURNAL OF ARTIFICIAL ORGANS, and ASAIO JOURNAL.
A supplement file with the exact algorithm is attached.

Data analysis

We have analyzed annual trends, authors, institutions, journals, articles, keywords, and
countries that collaborated with the USA. Figures and tables were generated using
VOSviewer version 1.6.18 and MS Excel from Office 365. We have used a flow chart to
elaborate on our included and excluded results. The categorization of articles was
conducted by utilizing the institutional affiliations provided within the articles. In
particular, an article was designated as a 'USA article with international affiliation' if at
least one of its authors was affiliated with an institution located outside of the USA. The
primary objective of this classification system was to offer a comprehensive perspective
on global cooperation, with a foundation based on simplicity. It is worth noting that in
cases when authors have dual affiliations, an item was classified under the category of
'USA article with international affiliation' if any of the affiliations indicated were non-
American. In the keyword analysis, we have manually removed words that implied the
study design such as “clinical trial” or “retrospective study”, and redundant words such
as “human”, “disease”, “male”, “female”, “adult”, etc. we also removed the words that
are related to the search like “transplant” and “transplantation” and “US” or “United

states”.

VOSviewer network visualization interpretation




The terms in the network visualization are circles whose size depends on their weight.
An item's color depends on its cluster. Linkages are shown by lines. The visualization's
distance between circles roughly indicates the co-citation relationship between the terms

represented by the circles. The closer two circles are, the more linked they are.

RESULTS

Included studies

The number of publications in transplant journals was 241,864. After considering only
the articles and review articles, we have included 69,110 total publications. There was a
total of 25,956 papers published in the United States only, representing 37.7% of the
world's research output, of which 3,078 were reviews, and 22,878 were articles (Figure 1).

The USA's research on transplantation got 776,262 citations.

Annual trends

Figure 2 shows annual publications since 1998. USA published 434 articles in 1998. That
number rose to 837 in 2003 and climbed to 1192 in 2013. In 2016, the number of
publications declined to 1078, but they rose again to 1724 in 2021. However, the number
of publications in 2022 displayed a significant decline, with just 1222 articles.

Institutions

In terms of the total number of publications, there were 111 US institutions that published
at least 100 articles, 55 that published at least 200 articles, and 41 that published at least
300 articles. 22 institutions published at least 500 articles. However, only six institutes
published at least 1,000 articles. The top contributing institutions were the University of
Pittsburgh with 1,749, Mayo Clinic with 1,605; Harvard Medical School with 1,549; and
Johns Hopkins University with 1,280 publications.

In terms of the number of citations, again, the University of Pittsburgh ranked first with

68810 citations, followed by Harvard Medical School with 54,838 citations, the University




of Michigan with 49,111 citations, and the University of California, Los Angeles with
45,440 citations (Table 1).

Authors

737 authors published at least 20 documents, 81 authors published at least 50 articles, and
eight authors published at least 100 articles. In terms of citations, 138 authors got at least
2000 citations, 57 got at least 3000 citations, 36 got at least 4000 citations, and at least 23
authors got at least 5000 citations. The top 20 most cited authors are listed in Table 2. The
top 5 authors, in order of citations on their transplant publications, were Dory Segev with
12490, James Kirklin with 10,323, David Cooper with 10,307, Merion, Robert M. with
9,580, and Leah Edward with 9,547.

Journals

The list under the category “transplantation” has 32 journals; after the exclusion, we
searched 25 journals. Most publications were published in Transplantation (n = 4,795)
and the American Journal gf Transplantation (n = 3,954). Journal of heart and lung
transplantation (n = 2,388). The American Journal of Transplantation has received the
highest number of citations (1 = 194,905), followed by Transplantation (1 = 185,248) and
the Journal of Heart and Lung Transplantation (n = 96,827) on papers addressing
transplantation. The Indian Journal of Transplantation, Transplant Research, Risk
Management, and International Journal of Organ Transplantation Medicine have the
least number of articles published in the USA, with 9, 7, and 7 documents, respectively.
The lowest USA publications were found in the Russian Journal of Transplantology and
Artificial Organs, with 1 document. (Table 3) lists the transplant journals and the number
of US articles and citations found.

Countries Collaborations

We found that American researchers were collaborating with individuals in 114 different
nations. Fifty-five countries had at least ten articles in collaboration, 35 had at least 50, 22

had at least 100, 8 had at least 500, and 2 had at least 1000. The country with the highest




number of articles collaborated with the USA with the highest number of articles was
Canada, with 1263 articles, followed by Germany with 1012, England with 807, and Italy
and France with 719 and 598, respectively. The collaboration also extends to Asia with
Japan and China, which collaborated with 594 and 579 articles. Middle eastern countries
also collaborated with Saudi Arabia with 75, United Arab Emirates and Jordan with 28
and 19, respectively. Table 4 and Figures 3 A and B show the list of countries with the
most publications on collaboration with the United States and a visualization of each
country's collaboration and interconnections.

Keywords

The top 20 most frequently occurring keywords in this topic are shown in Table 5. There
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are 3 of them that have occurred more than 2000 times, including "recipients," "survival,"
and "outcomes." Figure 4. shows the most occurring keywords and their interconnection

across the years.

DISCUSSION

This study provides a comprehensive review of scientific publications on organ
transplantation in the United States during the past 25 years. The significant increase in
publications demonstrates the growing commitment of the United States to advancing
transplantation knowledge. This has been sparked by a number of factors, including
increased organ donation and transplantation (15), the growth of transplant centers,
innovations in machine perfusion and xenograft, and increased research funding (1, 16),
Nevertheless, the decline in publications in the year 2022 necessitates a crucial
reconsideration. Does the decrease in publication numbers suggest a diminished
emphasis on transplantation-specific journals, or does it signify broader changes in
research interests? The drop that has been seen highlights the importance of employing
a diverse methodological approach in the assessment of research outputs. This may
involve considering the inclusion of interdisciplinary journals in future evaluations.

The volume of research conducted on kidney transplantation corresponds with the

frequency of kidney transplant surgeries in clinical practice (15). However, this




observation may also imply that there is an excessive focus on studies in specific areas,
highlighting the necessity for a more diverse research strategy that encompasses less-
explored organs or alternative transplantation approaches. Figure 5.

In 2022, American authors most frequently collaborated with authors from Canada,
England, and Germany. In 2000, the United States collaborated most with Japan, Canada,
and England. Canada, Germany, England, and Italy are the countries with the highest
number of collaborative papers with the United States all over the years; nonetheless, it
is noteworthy that Canada's collaboration with the United States increased steadily until
its first peak in 2010 with 62 articles, after which it stabilized until a new spike in 2018
with 96 articles, double the number of articles published in 2014; this spike continued
until its second peak in 2021 with 111 articles. On the other hand, cooperation with
Germany has grown steadily since 2000, reaching a record high of 61 articles in 2011.
However, the number of collaborative publications decreased from 2011 to 2015 before
beginning to rise again, although not to the level of collaboration with Canada; the second
peak was in 2021, with only 62 articles. With a peak of 81 articles in 2021, the number of
articles written in collaboration with England has increased steadily and consistently
since 2000.

Until 2004, only one article was published by Chinese and American authors. Since then,
it has progressively increased, peaking at 34 papers in 2012 and 59 articles in 2019, before
declining significantly to 29 by 2022. African countries and institutes collaborated poorly.
Egypt and South Africa collaborated the most, with 86 and 44 articles, respectively.
Zambia, Nigeria, and Morocco collaborated in a few articles. South American
collaboration is represented mainly by Brazil with 238 articles, Argentina with 91, Mexico
with 78, and Peru with nine articles. Egypt, India, Saudi Arabia, and the Philippines were
the countries that collaborated most recently, more so since 2016, compared to Germany,
Italy, Switzerland, and Japan, which showed that the collaboration extends to 2010 and
before, as shown in Figure 3B.

Since there is an imbalance between organ transplantation demand and ﬁvailability in the

USA, Global Paired Exchange could be an excellent option to improve the immunologic




diversity of donors by including donor and recipient pairs from countries with low
healthcare resources for end-stage renal disease. Alongside all precautions, We believe
that collaborative research between the USA and other countries can enhance this global
paired exchanges program (17-19).
Interestingly, the majority of the top 20 highly referenced authors were in the fields of
heart and lung transplantation, with seven authors receiving citations for their papers on
cardiac transplantations and three authors receiving the majority of citations for their
papers on lung transplantations. Five authors on the list were cited for their research in
the field of kidney transplantation, while two were cited for their work in liver
transplantation. One author is a research analyst, and the majority of citations received
are for the work on registries, which may not provide any insight into the scientific work.
Two authors published in the field of transplant epidemiology, including the most cited
author, Dorry Segev, who published 378 documents that received 12,490 citations in
transplant journals.
There is no doubt that solid organ transplantation is the area of medicine in the USA that
has paid the most attention to the process of evaluating recipient and graft outcomes. The
results of this study confirmed this assertion, as "survival" and "outcome" were the most
equently used keywords in connection to graft and recipient outcome measurements.
The United Network for Organ Sharing (UNOS) and Organ Procurement and
Transplantation Network (OPTN) in the USA are responsible for monitoring the
outcomes of organ transplantation centers and patients (20, 21). Outcome management
aims to ensure that transplant recipients receive the best possible care and that the
transplant successfully improves the recipient's quality of life. This is achieved by using
the data and information collected during the transplant process to make decisions about
the recipient's care and treatment.
Although the USA has made significant advances in transplantation over the past few
decades, readers should keep in mind that counts of publications and citations conceal

unmeasured characteristics like the density of knowledge in each article and data sets




that accompany articles when assessing the data presented in this report. Publication
numbers are one indicator of a nation's research output, but not the only one.

Some of these articles' limitations should be addressed. First, the primary emphasis of
our analysis was on academic journals categorized under the "transplant" category within
the Web of Science database. This approach was taken to ensure that our study included
fundamental research in the field of transplantation. Although this approach is thorough,
it might overlook journals that are not primarily categorized under the field of
'transplantation' but occasionally publish articles that are pertinent to the topic. Second,
we removed journals specific for bone marrow transplant and artificial organs journals;
however, specific articles published in the journals included in our analysis may not be
directly connected to solid organ transplant. Furthermore, articles pertinent to transplant
may have been published in other journals not included in our analysis. Consequently,
our investigation may offer a cautious approximation of transplantation studies.
However, despite the presence of consistent criteria, our findings continue to provide

significant insights.

CONCLUSION

The number of scientifiéresearch articles authored by American authors on the subject of
organ transplantation has been steadily increasing over the past 25 years, which has
paralleled the progression of the field as a whole. However, there has been a significant
reduction in research production in 2022, which may demand observation and
monitoring in the coming few years. The top three most frequent words in this study
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were "outcome," "survival," and "recipients," indicating that graft and recipient outcome
measurements were of considerable significance to American researchers. The United
States has made substantial contributions to the global advancement of organ

transplantation practice. Nevertheless, there is room for substantial partnerships with

other countries, particularly developing ones.

ARTICLE HIGHLIGHTS




Research background

Over the years, significant advancements have been made in the field of organ
transplantation, saving innumerable lives and improving the quality of life for patients
worldwide. The United States plays a pivotal role in advancing these advancements,
contributing a substantial volume of research and clinical innovations. Given this
position of leadership, ongoing assessments are essential for navigating the swiftly
evolving landscape of transplantation research. These evaluations aid in identifying
emerging trends, identifying areas of interest, and highlighting opportunities for
international collaborations. Therefore, periodic evaluations, especially using techniques
such as bibliometric analysis, are essential for maintaining the United States' cutting-edge

contributions to this vital medical field and for guiding future research endeavors.

Research motivation

Bibliometric analysis is a useful method for systematically evaluating research output in
order to navigate this ever-expanding landscape. This form of analysis provides a
comprehensive overview of current research trends, influential publications, and key
areas of concentration. It establishes a data-driven foundation for future research
directions, ensuring that efforts are focused on areas with the greatest impact and need.
Consequently, periodic bibliometric assessments are essential for maintaining the field's
ongoing progress and sustaining the vitality of research efforts in this essential medical

discipline.

Research objectives

This study's primary objective is to conduct a thorough analysis of the current status of
organ transplantation research in the USA. Specific objectives include identifying the
primary contributing authors and institutions, assessing the predominant research topics

through keyword analysis, and determining the scope of international collaborations.

Research methods




In this first-of-its-kind study, we utilized the Web of Science database to perform a
comprehensive bibliometric analysis. This resource was selected due to its extensive
collection of academic journals. The software VOSviewer was used to visualize data,
enabling the identification of key trends, such as top-contributing institutions and
international collaborations. This bibliometric approach provided unprecedented insight
into the prevalent research trends, major contributors, and key focus areas in USA organ

transplantation research output.

Research results

This comprehensive analysis provides important insights into the current status of organ
transplantation research in the United States. The University of Pittsburgh emerges as an
important institution, indicating a concentration of expertise and potentially functioning
as a hub for future cooperation. The American Journal of Transplantation's high number
of citations demonstrates its reputation as a prominent venue for disseminating
influential research, thereby influencing the field's practices and policies. Moreover,
Canada's position as the United States' top international collaborator demonstrates the
efficacy of global partnerships in advancing research. Despite these contributions,
obstacles remain, such as the need for expanded international collaborations, particularly
with developing nations, and the exploration of under researched areas in organ
transplantation. These findings highlight the significance of ongoing evaluations in

maintaining and advancing the field of study.

Research conclusions

In this study, a bibliometric analysis method was introduced to quantitatively evaluate
the landscape of organ transplantation research authored by American researchers. Over
the past 25 years, the number of scientific research articles written by American authors
on the topic of organ transplantation has increased consistently, paralleling the overall
development of the field. Nevertheless, a significant decline in research output was

observed in 2022, necessitating close observation and monitoring in the years to come.




Our study revealed that the three most frequently occurring keywords were +ACI-
outcome,+ACI- +ACl-survival, +ACI- and +ACI-recipients,+ACI- indicating the
importance of graft and recipient outcome measurements to American researchers.
Although the USA has made significant contributions to the global advancement of organ
transplantation practice, there is still plenty of opportunity for collaboration with other

nations, particularly developing countries.

Research perspectives

The study sheds new light on collaboration in organ transplantation research. By utilizing
bibliometric methods, we were able to identify crucial collaboration patterns. Within the
United States, the interdependence of prominent institutions is evident. An important
international collaborator stands out. These insights suggest that future research could
benefit from targeted collaborations that capitalize on the assets of prominent U.S. and
international centers and authors. Particularly, unrealized potential exists for
partnerships with developing nations to expand the global scope of organ transplantation

research. -
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