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Background: Globally, several generations of doctors in the field of
lymphedema have created numerous publications. To date, no bibliometric
analysis has been performed specifically on these publications. For the further
promotion of research on lymphedema and to align with the international
research frontiers, it is essential to understand the current state of
Lymphedema research output.

Objective: This study aims to statistically and visually analyze the characteristics
of publications output, distribution of contributions and development process
of lymphedema, enriching the knowledge base of Lymphedema, and then seek
potential research topics and collaborators.

Methods: Based on the Web of Science core collection database, we firstly
analyzed the quantity and quality of publications in the field of lymphedema,
secondly profiled the publishing groups in terms of country, institution, author’s
publication and cooperation network, and finally sorted out and summarized
the hot topics of research.

Results: A total of 8569 papers were retrieved from 1900-2021. The top4
journals with the most publications were LYMPHOLOGY, LYMPHATIC
RESEARCH AND BIOLOGY, PLASTIC AND RECONSTRUCTIVE SURGERY and
ANNALS OF SURGICAL ONCOLOGY. The top 4 countries with the most
publications were USA, Japan, UK, and China. The United States dominates
the total number of publications and the international cooperation network.
The most productive research institution is Harvard University, and the research
institution with the most collaborating institutions is Memorial Sloan Kettering
Cancer Center. Mortimer, Peter S contributes the most research in this field.
The research achievements of Japanese scholars in this field are of great
significance. The top 5 ranked keywords are “Breast Cancer”’, "Health-Related
Quality Of Life”, "Lymphscintigraphy”, “Lymphovenous Anastomosis”, and
“Lymphangiogenesis”.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.926237/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.926237/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.926237/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.926237&domain=pdf&date_stamp=2022-08-05
mailto:dujs@jlu.edu.cn
mailto:handm@jlu.edu.cn
https://doi.org/10.3389/fonc.2022.926237
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.926237
https://www.frontiersin.org/journals/oncology

Zhang et al.

10.3389/fonc.2022.926237

Conclusion: More and more scholars are devoted to the research of cancer-
related Lymphedema. It is foreseeable that breast cancer-related lymphedema
and lymphangiogenesis will remain a focus of future research. Advances in
Lymphatic vessel imaging and the development of lymphatic microsurgery will
further play a role in the clinical workup of lymphedema. Meanwhile, This study
can help researchers identify potential collaborators and partner institutions
and contribute to further research.
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1 Introduction

Lymphedema is an acute, transient or chronic progressive
disorder of the lymphatic system with insufficiency and
disruption of lymphatic transport caused by extrinsic (and/or
intrinsic) factors (1). It is characterized by retention of lymphatic
fluid, resulting in tissue swelling, which in turn causes
proliferative lesions such as tissue fibrosis, fatty deposits and
inflammation (2). In general, lymphedema is classified as
primary or secondary. Primary lymphedema is caused by
congenital lymphatic vessel anomalies. Secondary lymphedema
arises as a result of the lymphatic system obstruction or
destruction by filariasis, tumors, surgery, trauma and radiation
therapy. Treatment for Lymphedema patients includes non-
operative treatment based on physiotherapy and surgical
treatment based on volume reduction and reconstruction.
Frustratingly, these treatments can only alleviate symptoms,
delay progress, improve quality of life as much as possible, and
cannot achieve the goal of radical cure (3, 4). Lymphedema, an
incurable disease that has plagued mankind for hundreds of
years, urgently requires researchers to solve this challenge.

Cancer-related lymphedema, which often occurs as a result
of lymph node dissection operations secondary to the following
cancers: melanoma, head and neck cancer, breast cancer,
gynecologic cancer, and urologic cancer, is most common in
clinical work of Lymphedema (5, 6). Among them, breast
cancer-related lymphedema (BCRL) has been reported most
frequently, with the incidence of BCRL being the highest (13%
to 65%) and the incidence of cancer-related lymphedema
beyond breast cancer being reported in relatively few studies
(3, 7-9). The GLOBOCAN 2020 global cancer statistics report
showed that there were 19,292,789 new cancer cases worldwide
(10). Breast cancer in women became the most common cancer,
accounting for 11.7% of the total cases, with approximately 2.3
million new cases worldwide in 2020. The prevalence of BCRL
will continue to rise as the number of breast cancer survivors
increases due to advancements in detection and treatment
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technologies. Therefore, it is very important to clarify the
pathogenesis, diagnosis and treatment of lymphedema in-
depth. A review of lymphedema-related studies shows that few
studies try to summarize the development track and trend of
Lymphedema, or visualize the current research hotspots in this
field. However, these studies provide an important forward-
looking reference value for timely grasping the whole picture of
the development of Lymphedema and distinguishing the defects
and deficiencies of the current research.

Bibliometrics takes documents, books and other
communication media with different data sources as the
research object, and uses deterministic metrological methods
such as mathematics and statistics to analyze the metrological
characteristics of the research object, revealing and studying the
quantitative relationship, distribution structure, changing rules
and research hotspots of article and information, and then
describe, evaluate and predict the current situation and
development trend of science and technology (11, 12). Social
network is a collection of social actors and their relationships,
and social network analysis method is a set of norms and
methods to analyze the structure of relationships and their
properties of social networks by using mathematics, statistics,
graph theory and other integrated quantitative analysis tools.

Based on this, the study took the articles related to
lymphedema as the research object and used bibliometric
analysis method and social network analysis method to
analyze the characteristics of publication output and the
evolution trend of cooperation network. Our primary
objectives were as follows: (i) we aimed to clarify the
publication output and influence of lymphedema research; (ii)
from the macro, meso, and micro levels, we aimed to analyze the
publication situation, evolution trend, and cooperation network
of countries, institutions, and authors in this field, respectively;
and (iii) we aimed to summarize the research topics/hotspots in
this field. With the help of the above analysis, we hope that this
study will provide a panorama of knowledge on the historical
development of Lymphedema, so that it provide data to support
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the search for potential research gaps between countries and
institutions; provide a knowledge base of relevant article for
different research topics and lay out research priorities in
advance; and then provide directions for selecting research
topics, identifying potential collaborators and obtaining
research funding support.

2 Data sources and study methods
2.1 Data sources

The Web of Science database of Clarivate Analytics is the
most authoritative indexing tool for scientific and technological
article in the world. It is an integrated platform of multiple
databases, providing the most important research results.
Besides, the index and archives can be traced back to 1900.
The Web of Science Core Collection Database is an important
sub-database of the Web of Science and an important database
for obtaining global academic information. It contains more
than 20000 authoritative and influential academic journals
around the world, covering natural science, engineering
technology, biological science and other fields. At the same
time, the Web of Science core collection includes references
cited in papers, and a unique citation index is compiled
according to the cited author, source and publication year. Its
comprehensiveness, authority and universality have been widely
recognized by researchers "

Through in-depth and comprehensive retrieval of the
database resources, we can effectively trace the historical
context of a certain subject field since the first publication was
issued, to find a highly influential article collection and locate the
current research focus. Based on the above analysis, this study
takes the Web of Science core collection as the data source. The
specific retrieval strategy is shown in Figure 1: Mesh term of
lymphedema is used as topic words; The time span is no
restricted, the retrieval time is October 8, 2021; and a total of
8,715 journal articles have been retrieved. Through manual
discrimination, the above-mentioned articles were screened
and deduplicated, and a total of 146 articles that were
irrelevant to this research field or missing key fields were
eliminated, and finally 8569 articles to be analyzed were
obtained. The following will take 8569 articles as research
samples. Besides, bibliometrics and other research methods are
used for analysis to gain insight into the development trends and
research hotspots in the field of lymphedema. The integrated
workflow is detailed in Figure 1.

1 https://clarivate.com/webofsciencegroup/support/wos/wos-core-

collection/.
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2.2 Analysis strategy

Firstly, this study analyzes the general overview and its
citation influence of scientific research output in the field of
lymphedema, laying a foundation for researchers to gain insight
into the overall picture of this field. Secondly, from the macro,
meso and micro levels, this paper analyzes the publication,
evolution trend and cooperation network of countries,
institutions and authors in this field. Furthermore, it also
explores the core countries, institutions, authors and groups
with more frequent cooperation relations in the cooperation
network. Then researchers can grasp the core countries,
institutions, authors and their research focuses in this field
from multiple levels and dimensions, and provide references
for searching and reading high-quality articles on different
topics. Finally, this study summarizes the research topics in
this field, and provides support for researchers to grasp the
current research hotspots, predict the future evolution trend of
the topic, and then lay out the research directions with forward-
looking value in advance.

2.3 Research method

Based on the above analysis process, the main methods used
in this study are as follows:® Bibliometric analysis method, the
main tool used is Derwent Data Analyzer (DDA, Clarivate, USA).
DDA is a powerful text analysis tool developed by Clarivate
Analytics, which can carry out multi angle data mining and
visual panoramic analysis on text data, especially carrying out
data cleaning and analysis on the source data of the Web of
Science platform. In this study, DDA is first used for data
preprocessing. The journals, countries, institutions, authors and
keywords of 8569 documents are standardized (for example, the
same institution has different writing forms in different
documents, but the keywords in different writing forms have
the same meaning, etc.). Secondly, word frequency statistical
analysis is carried out to generate a co-occurrence matrix of
high-frequency countries, institutions, authors and keywords,
which lays a data foundation for the following social network
analysis and visualization. @ Social network analysis method, the
main tool used are VOSviewer (VOSviewer,Leiden University,
Netherlands) and (Gephi, WebAtlas, France). VOSviewer is a free
visualization tool for social network analysis developed by Leiden
University in the Netherlands. It can visually analyze document
citations, keywords, cooperation, etc., and can interpret the
strength and interaction of different groups through the color,
size, clustering results and other information of nodes. Compared
with other visualization software, the greatest advantage lies in its
powerful graphic display ability, and its map effect is accurate and
exquisite. However, the nodes cannot be dragged at will, and if
there are many nodes, it is easy to block them, so the readability is
reduced. Correspondingly, another visualization tool Gephi is an
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FIGURE 1

The detailed integrated workflow.

open source and free cross platform complex network analysis
and data visualization tool based on JVM. It is embedded with a
variety of layout, statistics, filtering and other algorithms, which
can convert network data into visual image data. Based on the
results of DDA data preprocessing, VOSviewer and Gephi were
used to draw the visualization maps of high-frequency countries,
institutions, authors and keywords respectively. Then, the
readability and interpretability of the two maps were
comprehensively compared, and the maps which can better
reflect the actual situation were selected.

3 Results

3.1 Characteristics of lymphedema
publication output

3.1.1 The document types included in the study

We took the 8569 publications related to lymphedema in the
Web of Science Core Collection from 1900 to 2021 as the
research object. These studies could be classified into 9 study

types. Original articles (66.8%) were the most dominant type of
publications throughout the whole period, and reviews
accounted for 9.3% of articles (Figure 2).

3.1.2 The trends of annual publication volume
and cited frequency

By analyzing the publication year of 8569 publications, the
publication output trends of lymphedema were clarified. From
1900 to 8 October 2021, the volume and cited frequency of
publications showed a continuously increasing trend. In terms of
the volume of publications, the number of publications on
lymphedema research increased steadily from 1900 to 1990
and increased rapidly from 1990 to 2021; 44 studies were
published in 1992, and 658 were published in 2020; the
volume of publications in 2020 was nearly 15 times that in
1992. It shows that the growth trends of the volume of
publications have increased exponentially over the past 30
years (Figure 3). According to the statistics of 8569 cited
articles, up to October 8, 2021, there were 69120 cited articles,
and the cited frequency was 188072 times. Additional details of
the citation analysis are described in Table 1.

377 (4.1% 8 (0.7%)

788 (8.6%)
845 (9.3%

FIGURE 2
Lymphedema research papers by document type percentage.
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The publication volume and cited frequency on the topic of lymphedema. (A) The publication volume of lymphedema from 1900 to 2021.

(B) The publication volume of lymphedema from 1990 to 2021.

3.1.3 Distribution of publications by journal

A total of 8569 publications were published in
1445 different journals. Four journals (LYMPHOLOGY,
LYMPHATIC RESEARCH AND BIOLOGY, PLASTIC AND
RECONSTRUCTIVE SURGERY, and ANNALS OF SURGICAL
ONCOLOGY) had the highest number of published papers, each
accounting for more than 2% of the total publications; altogether,
the publications published in these four journals accounted for 15%
of the total publications. Supplementary Figure S1 shows a total of
23 unduplicated journals, which are clearly of great value for
research on the subject of lymphedema. Therefore, highlighting
articles from these major journals helps us to keep up with the
latest trends.

3.1.4 Distribution of publications by discipline
categories

At present, the Web of Science database includes 256
different disciplinary categories, and an analysis of the
discipline categories of 8569 publications on lymphedema
indicated that scholars in many disciplines are focusing on this
topic; And the publications were distributed in 126 discipline
categories. Table 2 shows that the discipline category with the

TABLE 1 The results of citation analysis of 8569 articles.

Citing articles ~ Without self-citations  Sum of times cited

69120 62203 188072
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most publication output was oncology, followed by the
remaining top 5 discipline categories in the following order:
surgery, physiology, immunology, dermatology, medicine,
research & experimental. In addition, all the discipline
categories of the above-mentioned 23 journals were included
in these 15 discipline categories without exception.

3.1.5 Distribution of the top 100 highly cited
publications

We retrieved 6,649 publications out of 8,569 publications that
were cited more than once, accounting for 77.6% of all
publications. We examined the top 100 cited publications (cited
198 times and above) in terms of time distribution, research
topics, and journal sources (Supplementary Table S2). The details
are shown in Figure 4. Among them, the largest number of
publications (76.5%) was obtained from 2000 to 2010, and the
topics of the top 100 cited publications were mainly Breast
Cancer-related Lymphedema and Lymphangiogenesis. Among
these publications, the most frequently cited articles are
published in nine different journals; JOURNAL OF CLINICAL
ONCOLOGY had the highest number of articles (11%) followed
by CANCER (10%) and NATURE MEDICINE (5%).

Without self-citations  Average citations per item  h-index

113117 21.56 156

frontiersin.org
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TABLE 2 The discipline category with the most publication output.

Rank Discipline categories of WoS
1 Oncology

2 Surgery

3 Physiology

4 Immunology

5 Dermatology

6 Medicine, Research & Experimental

7 Medicine, General & Internal

8 Radiology, Nuclear Medicine & Medical Imaging
9 Obstetrics & Gynecology

10 Peripheral Vascular Disease

11 Rehabilitation

12 Genetics & Heredity

13 Health Care Sciences & Services

14 Nursing

15 Cell Biology

3.2 Major academic communities of
lymphedema publications

We collected information on 8569 publications discussing
lymphedema and extracted the country, institution, and
author entries contained therein to present the main academic groups
onlymphedemaat the macro, meso,and microlevels, respectively.

3.2.1 Distribution of publication output by
countries

The total number of publications in the field of lymphedema
covers 114 different countries. Figure 5A shows the distribution

10.3389/fonc.2022.926237

Frequency (N) Percentage (%)

2032 15.18%
1975 14.75%
1036 7.74%
672 5.02%
612 4.57%
606 4.53%
490 3.66%
489 3.65%
462 3.45%
449 3.35%
364 2.72%
298 2.23%
242 1.81%
212 1.58%
193 1.44%

of countries with more than or equal to 112 publications using
the software FineBI. The USA contributed the highest number of
publications (n=3151, 31.56%; n indicates the number of
publications published; the percentage indicates the percentage
of the number of publications published in that country to the
total number of publications published thereafter) followed by
Japan (n=653, 6.54%), the United Kingdom (n=564, 5.65%), and
China (n=535, 5.36%); these four countries had a total share of
49.11%. Figure 5B shows that USA scholars cited the highest
number of article in the field of lymphedema (n=21503, n
indicates the number of articles cited).

Further analysis of the temporal distribution of the top 20
most productive countries in terms of lymphedema papers

Time Distribution

1900-1990
I 1990-2000

2000-2010
[ 20102020

Journal Distribution

FIGURE 4

Topic Categories

B Lymphangiogenesis

B Breast Cancer-Related Lymphedema
Diagnosis

[ Treatment

[ Lymphedema Beyond Breast Cancer

[ Prognosis

[0 Review

[ Case Report

I Official Documents

B JOURNAL OF CLINICAL ONCOLOGY
I CANCER

AMERICAN JOURNAL OF HUMAN GENETICS

[ NATURE MEDICINE

NEW ENGLAND JOURNAL OF MEDICINE
NALS OF SURGERY
MPHOLOGY
NATURE GENETICS
PLASTIC AND RECONSTRUCTIVE SURGERY

The research output characteristics of the top 100 highly cited publications. (A) The time distribution of top 100 highly cited publications. (B)
The topic categories of top 100 highly cited publications. (C) The journal distribution of top 100 highly cited publications.
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The distribution of publication output by countries. (A) The spatial distribution of top 20 most productive countries producing lymphedema
publications. (B) The top 20 citing countries on lymphedema. (C) The cooperation network of co-publication of lymphedema publications
among selected countries. (D) Temporal distribution of top 30 most productive countries of lymphedema publication.

showed that USA, Japan, UK, Italy, Australia, and Germany are
the leaders in this research area. Notably, the number of
publications from China, Korea, and India has grown rapidly
since 2010 (Figure 5D).

We selected 30 countries with more than 10 publications to
build a national cooperation network map (Figure 5C). USA
academic institutions and organizations (as the main co-author
partners of international co-authorship) formed a cooperation
network with the USA at the core. USA had particularly close
collaborative relationships with institutions/organizations in the
field of lymphedema, including those in the UK (n=112; n
indicates the number of co-authors), China (n=99), Australia
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(n=75), Italy (n=69), Canada (n=69), Germany (n=59), and
Japan (n=54). Strong and stable collaborative relationships
were also formed among the UK, Italy, Australia, and Germany.

3.2.2 Distribution of publication output
by institutions

A count of the institutions publishing 8569 publications
showed that more than 4800 institutions/organizations were
involved in this area of research. We analyzed the number of
papers published by the top five institutions shown in Figure 6A
and found that these institutions/organizations accounted for
10.2% of the total papers. Figure 6C shows the top institutions

frontiersin.org
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that have been publishing since 1990, as follows: Harvard
University, Mayo Clin, Mem Sloan Kettering Canc Ctr, and
University of Arizona. The top three institutions have
maintained high publication volumes in recent years. The
University of Tokyo and The University of Texas M.D.
Anderson Cancer Center showed a rapid increase in the
number of publications in recent years and maintained high
publication levels.

Collaboration among organizations/institutions was a
relatively common phenomenon, as shown in Figure 6B.
Chang Gung University and Chang Gung Memorial Hospital,
Harvard University and Massachusetts General Hospital, and
The University of Queensland and The University of Sydney had
the highest number of collaborative publications. Moreover, a
collaborative network relationship was formed with Memorial
Sloan Kettering Cancer Center at the core.

Chang Gung University
University of Washington
New York Usiversity

10.3389/fonc.2022.926237

3.2.3 Distribution of publication output
by authors

Statistically, this study involved more than 27,000 different
authors, of which the number of authors who published only one
paper was approximately 21,000, thereby accounting for
approximately 77% of the total number of authors. Table 3
lists the top 20 authors in terms of the number of publications;
the number of publications of the top 10 authors accounted for
10% of the total number of publications.

Figure 7A clearly shows the trend in the number of
publications of the top 30 authors most productive over time
since 1990. “Mortimer, Peter S”, “Boccardo, Francesco”,
“Rockson, Stanley G”, “Campisi, Corrado”, “Witte, Marlys H”,
“Olszewski, Waldemar Lech” continued to show a high output in
the field of lymphedema since 1990. Many rising stars have
emerged in the field since 2000, such as “Armer, Jane M”,
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TABLE 3 The top 20 authors in terms of the number of publications.

Rank Authors Frequency
1 Mortimer, Peter S 128
2 Koshima, Isao 106
3 Yamamoto, Takumi 103
4 Campisi, Corrado 95
5 Boccardo, Francesco 94
6 Rockson, Stanley G 94
7 Armer, Jane M 82
8 Ridner, Sheila Hedden 81
9 Mehrara, Babak | 78
10 Witte, Marlys H 75
11 Taghian, Alphonse G 72
12 Mihara, Makoto 65
13 Olszewski, Waldemar Lech 63
14 Narushima, Mitsunaga 61
15 Hara, Hisako 57
16 Kilbreath, Sharon Lynn 57
17 Chang, David W 56
18 Cheng, Ming-Huei 54
19 Schmitz, Kathryn H 54
20 Ward, Leigh C 52

“Ridner, Sheila Hedden”, “Mehrara, Babak J”, and others. In the
past 10 years, Koshima, Isao, Yamamoto, Takumi, and others
have produced more publications, and “Witte, Charles L”,
“Alitalo, Karl”, “Bernas, Michael J” and others used to publish
more publications. However, there was almost no output in this
field in recent years.

The 104 authors with more than 20 publications were
selected to construct the author collaboration network, and
five authors were screened out because they did not produce
collaboration with other authors (Figure 7B). Scholars, such as
“Koshima, Isao”, “Yamamoto, Takumi”, “Campisi, Corrado”
and “Boccardo, Francesco”, collaborated more frequently than
the others. Further analysis was performed by using a
modularity algorithm to divide the authors into different
collaborative subgroups to visualize the small groups with
frequent interactions. The entire collaborative network is
divided into nine more distinct subgroups.

3.3 Keywords and hotspots of
lymphedema publication output

3.3.1 The frequency network of keywords
about lymphedema publications

A total of 7487 different keywords were involved in this study,
and 6908 keywords remained after cleaning and merging through
the following: deactivating words; combining cases, singular, and
plural; lexical reduction; and finding stems. We counted 261
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Affiliations Percentage
St Georges University London 1.49%
University of Tokyo 1.24%
University of Tokyo 1.20%
University of Genoa 1.11%
University of Genoa 1.10%
Stanford University 1.10%
University of Missouri System 0.96%
Vanderbilt University 0.95%
Memorial Sloan Kettering Cancer Center 0.91%
University of Arizona 0.88%
Harvard University 0.84%
University of Tokyo 0.76%
Polish Academy of Sciences 0.74%
University of Missouri System 0.71%
University of Tokyo 0.67%
University of Sydney 0.67%
University of Chicago 0.65%
Chang Gung Memorial Hospital 0.63%
University of Pennsylvania 0.63%
University of Queensland 0.61%

keywords that appeared at least 10 times in publications on the
topic of lymphedema (Supplemental Table S3). The top five
keywords in order are “Breast Cancer”, “Health-Related Quality
of Life”, “Lymphscintigraphy”, “Lymphovenous Anastomosis”
and “Lymphangiogenesis”. A total of 261 keywords were
clustered and analyzed by VosViewer through the steps of data
format conversion and keyword co-citation matrix construction.
Figure 8 shows that research in the field of lymphedema mainly
focused on five areas.

3.3.2 The analysis of representative keywords
We selected the top-ranked representative keywords in the
five clustered topics, and the number of publications for these
keywords per year since 1990 is shown in Figure 9A. The
number of studies on lymphedema with the keywords “Breast
Cancer”, “Health-Related Quality of Life “, and “Lymphovenous
Anastomosis” was high, showing a continuous and steady level
of growth. The number of studies with the keywords
“Lymphovenous Anastomosis” and “Bioimpedance
Spectroscopy” increased rapidly after 2014. The distribution of
the focus studies in the top 10 countries for these keywords is
shown in Figure 9B. The number of studies on lymphedema with
“Breast Cancer” as a keyword was high in each country,
especially in the USA, China, and Australia. Studies on
lymphedema with the keyword “Health-Related Quality of
Life” were more in the USA, United Kingdom, Australia, and
South Korea. Japan had the highest number of studies on
lymphoedema with the keywords “Lymphovenous
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The distribution of publication output by authors. (A) The temporal distribution of top 30 most-productive authors of lymphedema publication.

(B) The co-author networks of lymphedema publications.

Anastomosis” and “Microsurgery”. USA had the highest number
of studies with the other eight keywords.

4 Discussion

In this study, we combined bibliometric analysis with network
visualization to describe the current state of lymphedema research;
analyze the characteristics of journal output and the contributions
of countries, institutions, and authors in this field; and introduce the
hotspots of lymphedema science research. Through analysis, we
visualized the following development trends of lymphedema in
terms of the characteristics of publication output, major academic

communities, and active research topics.

4.1 Research output characteristics of
lymphedema publications.

Since 1900, the annual publications output in this field
increased steadily. In the past few decades, the related
scientific publications output expanded explosively; the
number of publications accounted for 58.06% of all published
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works in the past decade. The growth trend of the citation
frequency of articles published in this field was similar to the
annual publication output volume. And the research of
lymphedema has multidisciplinary and interdisciplinary
trends. All information showed that scientific research on
lymphedema is widely recognized and continues to be a
popular topic in the academic community. Combined with the
number of journal publications, citations, and journal subject
categories, the development of oncology surgery has an absolute
advantage and influence on the research output. On the one
hand, this finding is due to the high incidence of cancer-related
lymphedema and the increase in researcher investment (3, 8, 10).
On the other hand, the development of microsurgery has further
promoted the progress of lymphedema research (13-17).

4.2 Major academic groups exhibit
different characteristics at different levels.

4.2.1 National level:

Original articles are the most valuable publications; these
occupy a high position in evidence-based medicine. The number
of original papers a country published best reflected its research
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productivity. The level of scientific research development and
the number of publications were proportional to the country’s
GDP. The USA, as the world’s largest economy, was the center
and leader of the network of co-authored papers about
lymphedema. It had the largest number of publications and
citations. These results suggested that the USA has a significant
impact on the direction of lymphedema research in the most
powerful cooperative network around the world. It is worth
noting that Japan, which ranked second in the world in
lymphedema research output, contributed to a large number
of scientific research on lymphedema, but its partnerships were
mainly domestic. China ranked fourth in the number of papers
published in the world, second in citation papers, and sixth in
cooperation with other countries. China’s article output grew
exponentially. The output of articles from South Korea and India
also grew steadily. This growth over the past two decades may be
due to the huge economic development in these Asian countries.
The number of articles in European countries has also
maintained a steady growth, and co-author analysis shows that
the main cooperation networks are still carried out with
developed countries at the core.

4.2.2 Institutional level:

In addition to economic conditions, several other factors
determined the number and quality of publications, such as the
number of inhabitants in each country, the number of
lymphedema doctors in different countries (unfortunately,
these data are not available to us), and the level of research
development in medical schools or institutions. Statistics showed
that 70% of the top 20 institutions were located in the USA,
indicating that the USA had excellent traditional research
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institutions. Harvard Medical School, the oldest medical
institution in the United States, was the most productive
research institution in terms of lymphedema publications. In
addition, Memorial Sloan Kettering Cancer Center ranked first
in the agency’s co-author analysis, indicating that it worked
closely with other agencies, which is in line with the purpose of
their organization; collaboration is a hallmark of the research
enterprise at The Sloan Kettering Institute. The University of
Tokyo in Japan ranked fourth in productivity but not very
prominently in the co-authorship analysis, thereby exhibiting
unique self-creativity and contribution. The co-authorship
network of research institutions showed significant
collaboration between the two domestic institutions, except for
the co-authorship network of USA institutions.

4.2.3 Author level:

Through the statistics of the author’s lymphedema research
paper information, we determined the active researchers and
academic leaders and whether they formed an excellent research
team to a certain extent. Unlike the co-authorship network
structure of countries and institutions, the co-authorship
analysis among different authors was divided into multi-center
co-authorship network instead of the network structure of
developed countries, such as the network with the USA as the
main core. The different co-authorship network structures
showed a relatively centralized research topic. The nine more
notable co-author groups in the current study were as follow: (i)
the group with the core of Rockson, Stanley G on the study of
genetic mechanisms of lymphatic system diseases and
lymphedema (18, 19); (ii)Ward, Leigh C, Cheville, Andrea
Lynne on the study of application of bioimpedance analysis in
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breast cancer-related lymphedema (20-22); (iii) the trio group
with Devoogdt, Nele et al. on the study of the application of
questionnaires to upper limb lymphedema (23, 24); (iv) the
group with the core of Partsch, Hugo on the study of the
application of microsurgery to breast cancer-associated
lymphedema (25, 26); (v) the group with the core of Witte,
MH, whose research topic was FOCX2 in primary lymphedema
(27, 28); (vi) the group with the core of Taghian, Alphonse G,
whose study topic was risk factors for lymphedema secondary to
breast cancer (29-33); (vii) the group with the core of Chang,
David W and Cheng, Ming-Huei whose study topic was surgical
treatment of vascularized lymph node transfer (34, 35); (viii) the
group with the core of Armer, Jane M, whose study topics were
head and neck cancer-associated lymphedema, prognosis of
cancer-associated lymphedema, physical therapy and care (36—
38); (ix) the group with the core of Koshima, Isao, whose
research themes were applied research of indocyanine green
(ICG) and lymphovascular venous anastomosis (39-43). Among
them, the Japanese research scholars, with Koshima Isao at the
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core, constituted the closest co-authorship network structure,
and their research themes are the most explicit. This finding
further confirmed that Japan had the strongest creativity in the
distribution of lymphovenous anastomosis among different
countries. Japanese scholars published articles on the subject
of lymphedema, as follows: (i) practical experience of ICG
imaging in the field of lymphedema (44); (ii) application of
ICG as an intraoperative NIR fluorescent imaging marker (45);
(iii) staging of lymphedema based on ICG (46, 47); and (iv)
further investigation of lymphovenous anastomosis under the
guidance of ICG imaging (48). The great contributions of
Japanese scholars to the advancement of microscopic
instruments and the development of microsurgery have led to
research advances in the field of lymphedema.

Co-authorship represents the most formal form of
intellectual cooperation in the field of science. When two or
more authors collaborate on research, more scientific output and
higher quality studies can be obtained. The co-authorship in the
field of lymphedema needs to be strengthened in the future
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among various countries and institutions. If it was possible, we
would be able to choose our partners from the established
Lymphedema academic teams.

4.3 The research hotspots in the field of
lymphedema

Keywords provide important information about research
trends and frontiers and reveal the areas of research interest.
The analysis of this study identified five main areas of research
focus in the field of lymphedema, as follows: research on the
etiology of cancer-related Lymphedema (Clusterl); lymphatic-
vessel-related research (Cluster 2), including the main terms of
lymphangiogenesis and lymphatic system imaging;
Lymphedema volume measurement (Cluster 3); research on
non-surgical treatment and prognosis of Lymphedema
(Clusters 4); and studies on the surgical treatment of
Lymphedema (lusters 5).

4.3.1 Clusterl: The etiological study of cancer-
related lymphedema

With the increasing incidence of cancer, more and more
patients are undergoing multimodal treatment, including
surgery, radiotherapy, chemotherapy and hormone therapy.
Cancer treatments involving lymph nodes can disrupt
lymphatic drainage, which can lead to the accumulation of
lymphatic fluid in the interstitial tissues of the involved limbs
and body regions and result in secondary lymphedema (3). In
terms of BCRL, the incidence of BCRL is about 33% to 47% after
axillary lymph node dissection (ALND) and radiation therapy,
and about 4% to 17% after sentinel lymph node biopsy and
radiation therapy (49). Although the treatment of cancer-related
lymphedema can be effective in the short term, the long-term
results may be poor or difficult to maintain. Therefore, we should
not only strengthen the etiological prevention, but also avoid
damaging the lymphatic drainage pathway or reconstructing the
physiological lymphatic drainage channel in the first stage (50).

Kimberg introduced the concept of axillary reverse mapping
(ARM) in 2007 (51). ARM is a preoperative technique designed
to protect the ipsilateral arm-to-axillary lymphatic channel
during surgical intervention for breast cancer (52). The most
frequently cited publication in this study was “LYMPHATIC
MAPPING AND SENTINEL LYMPHADENECTOMY FOR
BREAST-CANCER” (GIULIANO, AE; KIRGAN, DM;
GUENTHER, JM; MORTON, DL et al,, 1994), with a total of
2007 citations and an average annual citation of 71.68. This
study accurately identified the anterior lymph nodes in certain
patients by intraoperative lymphatic labeling, thereby improving
the accuracy of staging while altering the disruption of lymphatic
channels by ALND (49). A meta analysis involving 1659 patients
recorded the incidence of lymphedema (53). A total of 37
patients suffered arm lymphedema (37/786, 4.71%) in the
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experimental group (ARM during ALND), compared with 164
arm lymphedemas (164/873, 18.79%) in the control group
(ALND alone) (53). In addition, the oncological safety of the
ARM method has been questioned; reliable and convincing
prospective studies to assess the efficacy and oncological safety
of the ARM method are still underway (7).

Prophylactic lymphovenous anastomosis, also known as
immediate Lymphatic reconstruction (ILR), is a method that
allows the technique of lymphovenous anastomosis to be
performed at the time of cancer resection with lymph node
dissection to reduce the risk of lymphedema (54, 55). In essence,
it is the spatio-temporal transformation of lymphovenous
anastomosis from the treatment of Lymphedema to the
prevention of Lymphedema (56). In recent years, the
possibility of prophylactic lymphovenous reconstruction
guided by ICG imaging has become feasible. Several recent
systematic evaluations and meta-analyses have shown that IRL
can effectively reduce the incidence of lymphedema in patients
after lymph node dissection (57, 58). As a result, in order to
reduce the incidence of lymphedema, IRL brings greater hope
for cancer patients proposed for sugery.

4.3.2 Cluster 2: The lymphatic-vessel-related
research
4.3.2.1 Lymphangiogenesis

As shown in our analysis of the top 100 highly cited article,
the most represented topic was lymphangiogenesis-related
mechanistic studies. In addition, “Lymphangiogenesis” with
164 word frequency. VEGF-C/VEGFR3 signaling plays a key
role in the generation, development and maturation of
lymphatic vessels. Other more studied genes or molecules
found in this analysis include Foxc2, Gata2, Proxl, Flt4,
Sox18, LYVE-1, etc (7, 59). Of course, not limited to the
molecules shown in our analysis, other important mechanisms
and molecules include the matrix protein ccbel, the
metalloprotease Adamts3, neuropilin2, bl-integRin, Celsrl,
Vangl2, Pkdl, Pkd2, and Fat4, Rasipl, Orail and Piezol, Wnt/
b-catenin Signaling, PDGFB, etc. (59). In a recent study,
Abumrad, Nada A et al. found that CD36 deficiency in LECs
leads to obesity and leaky intestinal lymphatics; CD36 regulates
oxidative metabolism and function of Lymphatic endothelial
cells (LECs) in vitro. CD36 deficiency in LECs highlights a novel
mechanism for the etiology of visceral obesity and insulin
resistance. Considering the important function of the
lymphatic system in tissue homeostasis, LEC CD36 is also may
be associated with lymphedema disease (60). The study of the
cellular and molecular mechanisms of lymphangiogenesis is
crucial to understand the origin of human lymphatic disorders
and will provide new ideas for the development of new
therapeutic agents for the treatment of these pathological
diseases. Now, at the cellular and molecular levels, Hwang, Ji
Hye et al. demonstrated the significant effect of VEGF-C to
enhance lymphangiogenesis by human adipose stem cells in
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combination with VEGF-C hydrogel in a mouse model of
lymphedema (61). In clinical trials, the safety of the
combination of lymph node metastasis and adenoviral VEGEF-
C was demonstrated in a small trial of lymphedema associated
with breast cancer (62). Danish research groups pioneered
clinical trials of adipose-derived regenerative cells for
lymphedema, and in 2016, Toyotaserkani et al. reported a
pilot study using adipose stem cells adjuvant fat transfer for
lymphedema, where 4 weeks after treatment, patients’ daily arm
heaviness, tension symptoms were significantly reduced, the
number of compression treatments was decreased, the volume
of the affected limb was reduced, and no postoperative
complications or adverse events occurred; and they were
conducting a phase III clinical trial (63, 64). As discussed
above, a better understanding of how different genes or
molecules affect the normal function of the lymphatic vascular
system and the identification of new pro-lymphopoietic factors
will help in the diagnosis and eventual treatment of patients with
symptomatic or asymptomatic lymphatic disorders and
related comorbidities.

4.3.2.2 Lymphatic-vessel imaging

The historical progress of Lymphatic-vessel imaging is shown
in Figure 10. Direct or indirect imaging of the lymphatic system is
still the most valuable reference for the evaluation of
lymphedema and the choice of operation. Regarding lymphatic
vessel imaging, the top word frequency is “Lymphscintigraphy”,
n=179. Since 1963, Lymphscintigraphy has been widely regarded
as the gold standard for confirming the diagnosis of lymphedema,
showing the functional status of the lymphatic system, and as the
primary test to guide clinical management. However, it cannot
show tissue edema and fibrosis around lymphedema, and suffers
from isotopic contamination. Although Lymphscintigraphy is
highly sensitive, it lacks standardization (65, 66). The
Lymphscintigraphy we use today is mainly a combination of
?MTc-labeled colloid and gamma scintillation camera imaging
modality (67, 68). Because of the low resolution issues, the
development of combined multimodal imaging modalities, such
as “®*Ga-labeled Evans Blue (**Ga-NEB) PET imaging in
combination with magnetic resonance lymphangiography

10.3389/fonc.2022.926237

(MRL), has shown significant advantages in assessing the
severity of lymphedema, staging, and site of lymphadenopathy
for individualized treatment planning (66, 69). In addition, Ming-
Huei Cheng, et al’s Taiwan lymphoscintigraphy staging was
validated with cheng’s lymphedema grading and ICG imaging
to provide practical guidelines for lymphedema grading and
treatment (65, 70, 71). In recent years, MRL is routinely used
for preoperative planning of lymphedema surgery because its
high-resolution display of fine vascular structures may improve
the outcome of lymphedema surgery (72). Recent studies have
demonstrated that the absence of venous signals in Dual-Agent
Relaxation Contrast MRL has the potential to further improve
the efficiency and accuracy of MRL (73, 74). With the
development of near-infrared imaging technology and the
introduction of ICG, indirect lymphatic system imaging with
ICG has been widely used in clinical practice (44, 45, 75).
Japanese scholars have made the staging of upper limb, lower
limb and genital area of secondary lymphedema based
on ICG lymphography (46-48). They divided the
ICG lymphography performance into two types: normal line
type and abnormal dermal reflux type. In conclusion, MRL
and ICG lymphangiography bring more possibilities for
lymphangiographic imaging.

4.3.3 Cluster 3: The volume measurement of
lymphedema

Currently, medical history collection and clinical examination
(including circumferential measurements) are still the most
common diagnostic modalities, and Cheng, Ming-Huei made a
comprehensive staging by objectively evaluating circumferential
measurements to guide the use of comprehensive decongestion
therapy, lymphovascular venous anastomosis, and lymphatic
grafting with vascular flaps in clinical practice (76). However,
volumetric measurements are more responsive to the degree of
limb swelling or treatment effect than circumferential
dimensional measurements. The historical progress of the
volume measurement of lymphedema is shown in Figure 11.
Swelling is assessed by volumetric measurements, and historically,
circumferential dimensional measurements have been used to
calculate the assessment method (77-79). The water replacement
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FIGURE 10
The historical progress of Lymphatic-vessel imaging.
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method (80) was the most classic method. Later, infrared
photoelectric measurements were gradually adopted (81), laser
scanning 3D reconstruction measurement (82-84), and CT 3D
reconstruction assessment (77). In the latest study, Cellina,
Michaela et al. used ITK-SNAP to perform 3-dimensional
reconstruction of MRL images of patients with lymphedema for
effective assessment of limb volume. This method can kill two
birds with one stone. On the one hand, we can use the advantage
of MRL imaging to evaluate the structure and function of
lymphatic vessels; on the other hand, we can achieve the
purpose of evaluating the volume of limbs, so that we can make
a better judgment of the disease before and after an operation.
However, the clinical application remains to be developed and
verified by clinical data (65).

In recent years, research on the early diagnosis of
lymphedema has also become the research hotspot. Among
them, the top word frequency is “Bioimpedance”, n=94. In the
historical distribution of the top ten keywords, bioimpedance
spectroscopy has become the fastest growing keyword in the past
20 years, with a 12-fold increase from 2000 to 2021; especially
the number of papers after 2014 has increased significantly; and
there are more contributions from Australian scholars, and these
scholars show a strong trend of co-authorship. Bioimpedance
spectroscopy can effectively determine whether the edematous
limb is predominantly lymphoid or fatty in terms of tissue
composition, thus avoiding the interference of weight changes
in the determination of the disease, but effectively assessing the
degree of limb edema and thus diagnosing lymphoedema earlier
(85). In this way, the degree of limb edema can be effectively
assessed without the interference of weight changes, leading to
an earlier diagnosis of lymphedema. Over the past 20 years,
bioimpedance spectroscopy has evolved from a proven
technique to a valuable tool for screening, detection and
monitoring of lymphedema, particularly in the upper
extremities (21). Bioimpedance spectroscopy has been used
repeatedly in prospective screening programs to initiate early
treatment with the goal of reducing morbidity. His application in
the lower extremity needs further validation. Another study
buzzword is: “tissue dielectric constant (TDC)”, and the use of

10.3389/fonc.2022.926237

TDC measurements to quantify local tissue water content may
help distinguish between untreated lymphedema and lipoedema
in women with chronic leg swelling (86). Tissue dielectric
constant measurements are sensitive, noninvasive, and
applicable to any site, and are thought to be widely used in the
future for early diagnosis and outcome follow-up of
subclinical lymphedema.

4.3.4 Cluster 4 and 5: Treatment and prognosis
of lymphedema

Treatment of lymphedema is performed with a combination
of surgical and non-surgical treatments. The development of
non-surgical treatment has historically included (MLD), drying
and binding therapy, complete decongestion therapy (CDT),
pneumatic compression therapy, pharmacotherapy, low-level
laser therapy (LLLT), Chinese medical treatment, etc., as
shown in Figure 12, but currently, the combined treatment
model based on comprehensive decongestion therapy is still in
effect (87-97). However, at present, the combined treatment
model is based on comprehensive congestion therapy.
Vascularized lymph node transfer and lymphovenous
anastomosis remain the most common microsurgical
techniques associated with the surgical management of this
disease (13, 17). Other surgical treatment modalities include
(lymphatic reconstruction surgery, surgical volume reduction
surgery, Liposuction, etc.) (14-16, 35, 98-100), specific
developments and additions are shown in Figure 12.

No single treatment modality can completely cure
lymphedema, whether it is a non-surgical treatment, including
diet, patient education, and patient self-management in
conjunction with surgical treatment. Therefore, we pay more
attention to the quality of life of patients with lymphedema.
Health-related quality of life is a patient self-reported prognostic
indicator that is commonly used to measure treatment outcome
and is an independent predictor of patient survival. Cheng et al.
showed that improvements in Health-related quality of life
indicators can be recognized early and seem to correlate well
with improvements in limb circumference measurements in the
first year after surgery (76). In general, health-related quality-of-
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life measures can be used to assess the expected development
and treatment of lymphedema in the head and neck, upper and
lower extremities (101-105).

In summary, patients with suspected lymphedema can be
screened out by subjective symptoms, medical history and
physical examination. Early diagnosis of lymphedema can be
done by tissue dielectric constant and bioimpedance
spectroscopy; definite diagnosis of lymphedema can be done by
MRL, ICG lymphadenography, and Lymphscintigraphy.
However, there is no standardized diagnostic procedure. In the
imaging of lymphatic vessels, more traditional imaging methods
will also be used in combination with other examinations to
improve the accuracy and reliability of the examination. The
expectation is that using multiple methods seems more likely to be
the gold standard for diagnosing lymphedema than using any one
method. We know that accurate diagnosis and staging is essential
to select the best treatment plan, based on the most widely
accepted staging system that has been in place since 1985, the
World Health Organization lymphedema staging (106, 107).
Throughout history, the development of critical staging has
remained only at the stage of clinical symptoms, and we have
not been able to do a better staging of lymphedema at the
pathological and anatomical levels to guide treatment. The
existing ICG lymphography-based staging, Cheng’s staging and
the latest Taiwan lymphography staging may be more definite in
guiding clinical work. However, it is not yet widely used in clinical
practice, and we look forward to exploring better staging with
better diagnostic tools for guiding clinical practice and serving
patients. In addition, with the level of lymphovascular imaging
and the development of microsurgery, surgical interventions will
play a greater role in the field of lymphedema. Stem cell therapy
and lymphokine therapy to promote lymphatic vessel production
are just some of the potential future treatment techniques. There
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are no uniformly effective treatment options for lymphedema and
further exploration is needed. We may use physical therapy as the
basis of lymphedema treatment, strive for early detection, early
diagnosis, and early prevention; strictly based on the standardized
staging and grading system, and adopt a multimodal combination
of treatment under microsurgical conditions to personalize the
treatment for patients so that they can obtain maximum benefit.
Moreover, ARM and IRL are more promising options for
reducing the incidence of lymphedema in patients with cancers
involving lymph node therapy.

In fact, these keywords have a wide range; they can be
interpreted as themes that reveal the mechanism, etiology,
diagnosis, and treatment of lymphedema. Highly cited papers also
showed great research value for contributing to the in-depth
understanding of a field. Through our analysis, we found that the
top 100 cited papers were consistent in terms of the themes of
keywords, thereby showing the timelessness and importance of
topics in the study of breast cancer-related lymphedema and
lymphangiogenesis. On the whole, the study of lymphangiogenesis
concerning the mechanism and treatment of lymphedema and
breast cancer-related lymphedema is still the core topic of research.

5 Advantages and limitations

The advantage of our research are as follows: We conducted
a comprehensive survey of the article in the field of lymphedema
over the past 120 years, providing a quantitative and qualitative
analysis of research results and quality across countries,
institutions, and authors; We also constructed and visualized
bibliometric networks through co-authorship and co-occurrence
analysis; As far as we know, this is the first bibliometric analysis
of the research trend of lymphedema; The results of the study
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enrich the knowledge base of Lymphedema and may help
researchers to analyze the characteristics of research outputs,
distribution of contributions, and knowledge mapping in the
field of Lymphedema, thus seeking potential research topics and
collaborators, and possibly encouraging further practice in this
area. Nevertheless, our analysis has some limitations. One is that
it is based on the WOS database rather than other databases such
as PubMed, Scopus and GoogleScholar. Second, we did not
specify bibliometric indicators such as H-index and impact
factor; however, the qualitative and quantitative studies are
fully descriptive of the topic we studied. Third, we seem to
include only WOS’s English studies, but there are fewer
publications in other languages, which reduces the interference
with the results to a certain extent. Finally, as this is a developing
field of research, we may have underestimated the contribution
of different analyses of recently published studies because of
their low frequency of citation, although some studies are
published in high quality journals.

6 Conclusion

In conclusion, lymphedema is a growing topic in the article,
and more and more scholars are devoted to the research of
cancer-related lymphedema. With this study, we analyzed the
characteristics of the output of lymphedema research, providing
a historical perspective. It can be predicted that the research on
the mechanism and treatment of Lymphedema and the
prevention and treatment of BCRL will still be the core topics
of future research; the progress of Lymphatic-vessel imaging and
the development of lymphatic microsurgery will further play a
role in the clinical work of Lymphedema. Meanwhile, the United
States has been dominating this field for some time now and is
likely to remain so for some time. Nevertheless, the intensity of
research cooperation needs to be increased, especially in
developing countries. In addition, these well-developed teams
in lymphedema research such as Rockson, Stanley G’s team;
Ward, Leigh C’s team; Devoogdt, Nele’s team; Partsch, Hugo’s
team; Witte, MH’s team; Taghian, Alphonse G’s team; Chang
David W’s team; Armer, Jane’s team; Koshima, Isao’s team, etc.
are academic research groups that we can learn from and seek
help and cooperation with in the long run. This study can
potentially be instructive and can contribute to further research
in the field of Lymphedema.

References

1. ISL ISOL. The diagnosis and treatment of peripheral lymphedema: 2020
consensus document of the international society of lymphology. Lymphology.
(2020) 53:3-19. doi: 10.2458/lymph.4649

2. Grada AA, Phillips TJ. Lymphedema. ] Am Acad Dermatol (2017) 77:1009-
20. doi: 10.1016/j.jaad.2017.03.022

Frontiers in Oncology

17

10.3389/fonc.2022.926237

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

Js-D, Dm-H, and Yd-Z designed the study. Yd-Z conducted the
literature search. XZ, Xy-W, Yd-Z analyzed the data and wrote the
paper. Js-D, Dm-H approved the final manuscript. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by the Key Laboratory
Construction Project of Jilin Province (No. 21ZY17) and Jilin
Provincial Health Science and Technology capacity
Enhancement Project (No. 2021LC208).

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/
fonc.2022.926237/full#supplementary-material.

3. Paskett ED, Dean JA, Oliveri JM, Harrop JP. Cancer-related lymphedema risk
factors, diagnosis, treatment, and impact: a review. J Clin Oncol (2012) 30:3726-33.
doi: 10.1200/JCO.2012.41.8574

4. Long X, Liang ZY, Yu NZ, Huang JZ. Progress in diagnosis and treatment of
lymphedema. | Med Res (2019) 48:1-4.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.926237/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.926237/full#supplementary-material
https://doi.org/10.2458/lymph.4649

https://doi.org/10.1016/j.jaad.2017.03.022
https://doi.org/10.1200/JCO.2012.41.8574
https://doi.org/10.3389/fonc.2022.926237
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

5. Rockson SG, Rivera KK. Estimating the population burden of lymphedema.
Ann Ny Acad Sci (2008) 1131:147-54. doi: 10.1196/annals.1413.014

6. Rebegea L, Firescu D, Dumitru M, Anghel R. The incidence and risk factors
for occurrence of arm lymphedema after treatment of breast cancer. Chirurgia
(Bucharest Romania 1990). (2015) 110:33-7.

7. Rockson SG. Advances in lymphedema. Circ Res (2021) 128:2003-16.
doi: 10.1161/CIRCRESAHA.121.318307

8. DiSipio T, Rye S, Newman B, Hayes S. Incidence of unilateral arm
lymphoedema after breast cancer: a systematic review and meta-analysis. Lancet
Oncol (2013) 14:500-15. doi: 10.1016/S1470-2045(13)70076-7

9. Cormier JN, Askew RL, Mungovan KS, Xing Y, Ross MI, Armer JM.
Lymphedema beyond breast cancer. Cancer-Am Cancer Soc (2010) 116:5138-49.
doi: 10.1002/cncr.25458

10. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: globocan estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: Cancer ] Clin (2021) 71:209-49.
doi: 10.3322/caac.21660

11. Polat ZA. Evolution and future trends in global research on cadastre: a
bibliometric analysis. GeoJournal. (2019) 84:1121-34. doi: 10.1007/s10708-019-
09973-5

12. Tague-Sutcliffe J. An introduction to informetrics. Inform Process Manage
(1992) 28:1-3. doi: 10.1016/0306-4573(92)90087-G

13. Aljindan FK, Lin C, Cheng M. Comparison of outcomes between side-to-
end and end-to-end lymphovenous anastomoses for early-grade extremity
lymphedema. Plast Reconstr Surg (2019) 144:486-96. doi: 10.1097/
PRS.0000000000005870

14. Becker C, Assouad J, Riquet M, Hidden GV. Postmastectomy lymphedema.
Ann Surg (2006) 243:313-5. doi: 10.1097/01.51a.0000201258.10304.16

15. Koshima I, Inagawa K, Urushibara K, Moriguchi T. Supermicrosurgical
lymphaticovenular anastomosis for the treatment of lymphedema in the upper
extremities. ] Reconstr Microsurg. (2000) 16:437. doi: 10.1055/s-2006-947150

16. O'Brien BM, Sykes P, Threlfall GN, Browning FS. Microlymphaticovenous
anastomoses for obstructive lymphedema. Plast reconstructive Surg (1963). (1977)
60:197-211. doi: 10.1097/00006534-197708000-00006

17. Pappalardo M, Patel K, Cheng M. Vascularized lymph node transfer for
treatment of extremity lymphedema: an overview of current controversies
regarding donor sites, recipient sites and outcomes. J Surg Oncol (2018)
117:1420-31. doi: 10.1002/js0.25034

18. Martin-Almedina S, Martinez-Corral I, Holdhus R, Vicente A, Fotiou E, Lin
S, et al. Ephb4 kinase-inactivating mutations cause autosomal dominant
lymphatic-related hydrops fetalis. J Clin Invest. (2016) 126:3080-8. doi: 10.1172/
JCI85794

19. Mortimer PS, Rockson SG. New developments in clinical aspects of
lymphatic disease. J Clin Invest. (2014) 124:915-21. doi: 10.1172/JCI71608

20. Czerniec SA, Ward LC, Meerkin JD, Kilbreath SL. Assessment of segmental
arm soft tissue composition in breast cancer-related lymphedema: a pilot study
using dual energy x-ray absorptiometry and bioimpedance spectroscopy. Lymphat
Res Biol (2015) 13:33-9. doi: 10.1089/1rb.2014.0033

21. Dylke ES, Ward LC. Three decades of bioelectrical impedance spectroscopy
in lymphedema assessment: an historical perspective. Lymphat Res Biol (2021)
19:206-14. doi: 10.1089/1rb.2020.0085

22. Svensson BJ, Dylke ES, Ward LC, Kilbreath SL. Segmental bioimpedance
informs diagnosis of breast cancer-related lymphedema. Lymphat Res Biol (2017)
15:349-55. doi: 10.1089/1rb.2017.0030

23. De Vrieze T, Gebruers N, Nevelsteen I, Tjalma W, Thomis S, De Groef A,
et al. Responsiveness of the lymphedema functioning, disability, and health
questionnaire for upper limb lymphedema in patients with breast cancer-related
lymphedema. Lymphat Res Biol (2020) 18:365-73. doi: 10.1089/Irb.2019.0073

24. De Vrieze T, Vos L, Gebruers N, De Groef A, Dams L, van der Gucht E, et al.
Revision of the lymphedema functioning, disability and health questionnaire for
upper limb lymphedema (lymph-icf-ul): reliability and validity. Lymphat Res Biol
(2019) 17:347-55. doi: 10.1089/1rb.2018.0025

25. Campisi C, Bellini C, Campisi C, Accogli S, Bonioli E, Boccardo F.
Microsurgery for lymphedema: clinical research and long-term results.
Microsurg. (2010) 30:256-60. doi: 10.1002/micr.20737

26. Campisi C, Eretta C, Pertile D, Da Rin E, Campisi C, Maccio A, et al.
Microsurgery for treatment of peripheral lymphedema: long-term outcome and
future perspectives. Microsurg. (2007) 27:333-8. doi: 10.1002/micr.20346

27. Dellinger MT, Thome K, Bernas MJ, Erickson RP, Witte MH. Novel foxc2
missense mutation identified in patient with lymphedema-distichiasis syndrome
and review. Lymphology. (2008) 41:98-102.

28. Holberg CJ, Erickson RP, Bernas MJ, Witte MH, Fultz KE, Andrade M, et al.
Segregation analyses and a genome-wide linkage search confirm genetic
heterogeneity and suggest oligogenic inheritance in some milroy congenital

Frontiers in Oncology

18

10.3389/fonc.2022.926237

primary lymphedema families. Am J Of Med Genet (2001) 98:303-12.
doi: 10.1002/1096-8628(20010201)98:4<303::AID-AJMG1113>3.0.CO;2-9

29. McDuff S, Mina Al Brunelle CL, Salama L, Warren L, Abouegylah M, et al.
Timing of lymphedema after treatment for breast cancer: when are patients most at
risk? Int J Radiat Oncol (2019) 103:62-70. doi: 10.1016/j.ijrobp.2018.08.036

30. Jammallo LS, Miller CL, Singer M, Horick NK, Skolny MN, Specht MC,
et al. Impact of body mass index and weight fluctuation on lymphedema risk in
patients treated for breast cancer. Breast Cancer Res Tr. (2013) 142:59-67.
doi: 10.1007/s10549-013-2715-7

31. Warren L, Miller CL, Horick N, Skolny MN, Jammallo LS, Sadek BT, et al.
The impact of radiation therapy on the risk of lymphedema after treatment for
breast cancer: a prospective cohort study. Int | Radiat Oncol (2014) 88:565-71.
doi: 10.1016/j.ijrobp.2013.11.232

32. Sayegh HE, Asdourian MS, Swaroop MN, Brunelle CL, Skolny MN, Salama
L, et al. Diagnostic methods, risk factors, prevention, and management of breast
cancer-related lymphedema: past, present, and future directions. Curr Breast
Cancer Rep (2017) 9:111-21. doi: 10.1007/s12609-017-0237-8

33. Asdourian MS, Skolny MN, Brunelle C, Seward CE, Salama L, Taghian AG.
Precautions for breast cancer-related lymphoedema: risk from air travel, ipsilateral
arm blood pressure measurements, skin puncture, extreme temperatures, and
cellulitis. Lancet Oncol (2016) 17:E392-405. doi: 10.1016/S1470-2045(16)30204-2

34. Mehrara BJ, Zampell JC, Suami H, Chang DW. Surgical management of
lymphedema: past, present, and future. Lymphat Res Biol (2011) 9:159-67.
doi: 10.1089/Irb.2011.0011

35. Lin CH, Ali R, Chen SC, Wallace C, Chang YC, Chen HC, et al. Vascularized
groin lymph node transfer using the wrist as a recipient site for management of
postmastectomy upper extremity lymphedema. Plast Reconstr Surg (2009)
123:1265-75. doi: 10.1097/PRS.0b013e31819¢6529

36. Rhoten BA, Murphy BA, Dietrich MS, Ridner SH. Depressive symptoms,
social anxiety, and perceived neck function in patients with head and neck cancer.
Head Neck-] Sci Spec. (2018) 40:1443-52. doi: 10.1002/hed.25129

37. Deng J, Murphy BA, Dietrich MS, Wells N, Wallston KA, Sinard RJ, et al.
Impact of secondary lymphedema after head and neck cancer treatment on
symptoms, functional status, and quality of life. Head Neck-] Sci Spec. (2013)
35:1026-35. doi: 10.1002/hed.23084

38. DengJ, Radina E, Fu MR, Armer JM, Cormier JN, Thiadens S, et al. Self-care
status, symptom burden, and reported infections in individuals with lower-extremity
primary lymphedema. J Nurs Scholarship. (2015) 47:126-34. doi: 10.1111/jnu.12117

39. Visconti G, Hayashi A, Salgarello M, Narushima M, Koshima I, Yamamoto
T. Supermicrosurgical t-shaped lymphaticovenular anastomosis for the treatment
of peripheral lymphedema: bypassing lymph fluid maximizing lymphatic collector
continuity. Microsurg. (2016) 36:714-5. doi: 10.1002/micr.30019

40. Hayashi A, Yamamoto T, Yoshimatsu H, Hayashi N, Furuya M, Harima M,
et al. Ultrasound visualization of the lymphatic vessels in the lower leg. Microsurg.
(2016) 36:397-401. doi: 10.1002/micr.22414

41. Hara H, Mihara M, Ohtsu H, Narushima M, lida T, Koshima I. Indication of
lymphaticovenous anastomosis for lower limb primary lymphedema. Plast
Reconstr Surg (2015) 136:883-93. doi: 10.1097/PRS.0000000000001631

42. Mihara M, Hara H, Iida T, Todokoro T, Yamamoto T, Narushima M, et al.
Antegrade and retrograde lymphatico-venous anastomosis for cancer-related
lymphedema with lymphatic valve dysfuction and lymphatic varix. Microsurg.
(2012) 32:580-4. doi: 10.1002/micr.22022

43. Mihara M, Hara H, Araki J, Kikuchi K, Narushima M, Yamamoto T, et al.
Indocyanine green (icg) lymphography is superior to lymphoscintigraphy for
diagnostic imaging of early lymphedema of the upper limbs. PloS One (2012) 7:
€38182. doi: 10.1371/journal.pone.0038182

44. Unno N, Inuzuka K, Suzuki M, Yamamoto N, Sagara D, Nishiyama M, et al.
Preliminary experience with a novel fluorescence lymphography using indocyanine
green in patients with secondary lymphedema. ] Vasc Surg (2007) 45:1016-21.
doi: 10.1016/j.jvs.2007.01.023

45. Ogata F, Narushima M, Mihara M, Azuma R, Morimoto Y, Koshima I.
Intraoperative lymphography using indocyanine green dye for near-infrared
fluorescence labeling in lymphedema. Ann Plas Surg (2007) 59:180-4.
doi: 10.1097/01.sap.0000253341.70866.54

46. Yamamoto T, Narushima M, Doi K, Oshima A, Ogata F, Mihara M, et al.
Characteristic indocyanine green lymphography findings in lower extremity
lymphedema: the generation of a novel lymphedema severity staging system
using dermal backflow patterns. Plast Reconstr Surg (2011) 127:1979-86.
doi: 10.1097/PRS.0b013e31820cf5df

47. Yamamoto T, Yamamoto N, Doi K, Oshima A, Yoshimatsu H, Todokoro T,
et al. Indocyanine green—enhanced lymphography for upper extremity lymphedema.
Plast Reconstr Surg (2011) 128:941-7. doi: 10.1097/PRS.0b013e3182268cd9

48. Narushima M, Yamamoto T, Ogata F, Yoshimatsu H, Mihara M, Koshima I.
Indocyanine green lymphography findings in limb lymphedema. ] Reconstr
Microsurg. (2016) 32:72-9. doi: 10.1055/s-0035-1564608

frontiersin.org


https://doi.org/10.1196/annals.1413.014
https://doi.org/10.1161/CIRCRESAHA.121.318307
https://doi.org/10.1016/S1470-2045(13)70076-7
https://doi.org/10.1002/cncr.25458
https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s10708-019-09973-5
https://doi.org/10.1007/s10708-019-09973-5
https://doi.org/10.1016/0306-4573(92)90087-G
https://doi.org/10.1097/PRS.0000000000005870
https://doi.org/10.1097/PRS.0000000000005870
https://doi.org/10.1097/01.sla.0000201258.10304.16
https://doi.org/10.1055/s-2006-947150
https://doi.org/10.1097/00006534-197708000-00006
https://doi.org/10.1002/jso.25034
https://doi.org/10.1172/JCI85794
https://doi.org/10.1172/JCI85794
https://doi.org/10.1172/JCI71608
https://doi.org/10.1089/lrb.2014.0033
https://doi.org/10.1089/lrb.2020.0085
https://doi.org/10.1089/lrb.2017.0030
https://doi.org/10.1089/lrb.2019.0073
https://doi.org/10.1089/lrb.2018.0025
https://doi.org/10.1002/micr.20737
https://doi.org/10.1002/micr.20346
https://doi.org/10.1002/1096-8628(20010201)98:4%3C303::AID-AJMG1113%3E3.0.CO;2-9
https://doi.org/10.1016/j.ijrobp.2018.08.036
https://doi.org/10.1007/s10549-013-2715-7
https://doi.org/10.1016/j.ijrobp.2013.11.232
https://doi.org/10.1007/s12609-017-0237-8
https://doi.org/10.1016/S1470-2045(16)30204-2
https://doi.org/10.1089/lrb.2011.0011
https://doi.org/10.1097/PRS.0b013e31819e6529
https://doi.org/10.1002/hed.25129
https://doi.org/10.1002/hed.23084
https://doi.org/10.1111/jnu.12117
https://doi.org/10.1002/micr.30019
https://doi.org/10.1002/micr.22414
https://doi.org/10.1097/PRS.0000000000001631
https://doi.org/10.1002/micr.22022
https://doi.org/10.1371/journal.pone.0038182
https://doi.org/10.1016/j.jvs.2007.01.023
https://doi.org/10.1097/01.sap.0000253341.70866.54
https://doi.org/10.1097/PRS.0b013e31820cf5df
https://doi.org/10.1097/PRS.0b013e3182268cd9
https://doi.org/10.1055/s-0035-1564608
https://doi.org/10.3389/fonc.2022.926237
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

49. Stout Gergich NL, Pfalzer LA, McGarvey C, Springer B, Gerber LH, Soballe
P. Preoperative assessment enables the early diagnosis and successful treatment of
lymphedema. Cancer-Am Cancer Soc (2008) 112:2809-19. doi: 10.1002/cncr.23494

50. Li Y, Meng X. Progress of lymphovenous anastomosis in the treatment of
upper limb lymphedema after breast cancer surgery. Chin ] Min Inv Surg (2021)
21:932-6.

51. Klimberg VS. A new concept toward the prevention of lymphedema: axillary
reverse mapping. J Surg Oncol (2008) 97:563-4. doi: 10.1002/js0.20905

52. Noguchi M, Inokuchi M, Noguchi M, Morioka E, Ohno Y, Kurita T.
Axillary surgery for breast cancer: past, present, and future. Breast Cancer-
Tokyo. (2021) 28:9-15. doi: 10.1007/s12282-020-01120-0

53. Guo X, Jiao D, Zhu ], Xiao H, Zhao X, Yang Y, et al. The effectiveness of
axillary reverse mapping in preventing breast cancer-related lymphedema: a meta-
analysis based on randomized controlled trials. Gland Surg (2021) 10:1447-59.
doi: 10.21037/gs-21-186

54. Ozmen T, Lazaro M, Zhou Y, Vinyard A, Avisar E. Evaluation of simplified
lymphatic microsurgical preventing healing approach (s-lympha) for the prevention
of breast cancer-related clinical lymphedema after axillary lymph node dissection.
Ann Surg (2019) 270:1156-60. doi: 10.1097/SLA.0000000000002827

55. Boccardo F, Casabona F, De Cian F, Friedman D, Villa G, Bogliolo S, et al.
Lymphedema microsurgical preventive healing approach: a new technique for
primary prevention of arm lymphedema after mastectomy. Ann Surg Oncol (2009)
16:703-8. doi: 10.1245/510434-008-0270-y

56. Johnson AR, Kimball S, Epstein S, Recht A, Lin SJ, Lee BT, et al.
Lymphedema incidence after axillary lymph node dissection: quantifying the
impact of radiation and the lymphatic microsurgical preventive healing
approach. Ann Plas Surg (2019) 82:5234-41. doi: 10.1097/SAP.0000000000001864

57. Cook JA, Sinha M, Lester M, Fisher CS, Sen CK, Hassanein AH. Immediate
lymphatic reconstruction to prevent breast cancer-related lymphedema: a
systematic review. Adv Wound Care (2022) 11:382-91. doi: 10.1089/
wound.2021.0056

58. Chun MJ, Saeg F, Meade A, Kumar T, Toraih EA, Chaffin AE, et al.
Immediate lymphatic reconstruction for prevention of secondary lymphedema: a
meta-analysis. J Plastic Reconstructive Aesthetic Surgery. (2022) 75:1130-41.
doi: 10.1016/j.bjps.2021.11.094

59. Oliver G, Kipnis ], Randolph GJ, Harvey NL. The lymphatic vasculature in
the 21(st) century: novel functional roles in homeostasis and disease. Cell. (2020)
182:270-96. doi: 10.1016/j.cell.2020.06.039

60. Cifarelli V, Appak-Baskoy S, Peche VS, Kluzak A, Shew T, Narendran R,
et al. Visceral obesity and insulin resistance associate with cd36 deletion in
lymphatic endothelial cells. Nat Commun (2021) 12:1-15. doi: 10.1038/s41467-
021-23808-3

61. Hwang JH, Kim IG, Lee JY, Piao S, Lee DS, Lee TS, et al. Therapeutic
lymphangiogenesis using stem cell and vegf-c hydrogel. Biomaterials. (2011)
32:4415-23. doi: 10.1016/j.biomaterials.2011.02.051

62. Hartiala P, Suominen S, Suominen E, Kaartinen I, Kiiski J, Viitanen T, et al.
Phase 1 lymfactin (r) study: short-term safety of combined adenoviral vegf-c and
lymph node transfer treatment for upper extremity lymphedema. J Plast Reconstr
Aes. (2020) 73:1612-21. doi: 10.1016/j.bjps.2020.05.009

63. LiZ, YangE, LiY, Liang Z, Huang J, Yu N, et al. Application and prospect of
adipose stem cell transplantation in treating lymphedema. World J Stem Cells
(2020) 12:676-87. doi: 10.4252/wjsc.v12.i7.676

64. Toyserkani NM, Jensen CH, Tabatabaeifar S, Jorgensen MG, Hvidsten S,
Simonsen JA, et al. Adipose-derived regenerative cells and fat grafting for treating
breast cancer-related lymphedema: lymphoscintigraphic evaluation with 1 year of
follow-up. J Plastic Reconstructive Aesthetic Surgery. (2019) 72:71-7. doi: 10.1016/
1.bjps.2018.09.007

65. Pappalardo M, Cheng MH. Lymphoscintigraphy for the diagnosis of
extremity lymphedema: current controversies regarding protocol, interpretation,
and clinical application. J Surg Oncol (2020) 121:37-47. doi: 10.1002/js0.25526

66. Yoshida RY, Kariya S, Ha-Kawa S, Tanigawa N. Lymphoscintigraphy for
imaging of the lymphatic flow disorders. Techniques Vasc Interventional Radiology.
(2016) 19:273-6. doi: 10.1053/j.tvir.2016.10.009

67. Quartuccio N, Garau LM, Arnone A, Pappalardo M, Rubello D, Arnone G,
et al. Comparison of 99mtc-labeled colloid spect/ct and planar lymphoscintigraphy
in sentinel lymph node detection in patients with melanoma: a meta-analysis. J Clin
Med (2020) 9:1680. doi: 10.3390/jcm9061680

68. Stewart G, Gaunt JI, Croft DN, Browse NL. Isotope lymphography: a new
method of investigating the role of the lymphatics in chronic limb oedema. Br J
Surg (1985) 72:906-9. doi: 10.1002/bjs.1800721120

69. Long X, Zhang J, Zhang D, Gao C, Chi C, YangE, et al. Microsurgery guided
by sequential preoperative lymphography using 68ga-neb pet and mri in patients
with lower-limb lymphedema. Eur J Nucl Med Mol I. (2017) 44:1501-10.
doi: 10.1007/s00259-017-3676-6

Frontiers in Oncology

19

10.3389/fonc.2022.926237

70. Pappalardo M, Lin C, Ho OA, Kuo CF, Lin CY, Cheng MH. Staging and
clinical correlations of lymphoscintigraphy for unilateral gynecological cancer—
related lymphedema. J Surg Oncol (2020) 121:422-34. doi: 10.1002/js0.25817

71. Cheng M, Pappalardo M, Lin C, Kuo C, Lin C, Chung KC. Validity of the
novel taiwan lymphoscintigraphy staging and correlation of cheng lymphedema
grading for unilateral extremity lymphedema. Ann Surg (2018) 268:513-25.
doi: 10.1097/SLA.0000000000002917

72. Ruehm SG, Schroeder T, Debatin JF. Interstitial mr lymphography with
gadoterate meglumine: initial experience in humans. Radiology. (2001) 220:816-21.
doi: 10.1148/radiol.2203010090

73. Ripley B, Wilson GJ, Lalwani N, Briller N, Neligan PC, Maki JH. Initial
clinical experience with dual-agent relaxation contrast for isolated lymphatic
channel mapping. Radiology. (2018) 286:705-14. doi: 10.1148/radiol.2017170241

74. Maki JH, Neligan PC, Briller N, Mitsumori LM, Wilson GJ. Dark blood
magnetic resonance lymphangiography using dual-agent relaxivity contrast (darc-
mrl): a novel method combining gadolinium and iron contrast agents. Curr
Problems In Diagn Radiology. (2016) 45:174-9. doi: 10.1067/j.cpradiol.2015.08.003

75. Chang DW, Suami H, Skoracki R. A prospective analysis of 100 consecutive
lymphovenous bypass cases for treatment of extremity lymphedema. Plast Reconstr
Surg (2013) 132:1305-14. doi: 10.1097/PRS.0b013e3182a4d626

76. Patel KM, Lin C, Cheng M. A prospective evaluation of lymphedema-
specific quality-of-life outcomes following vascularized lymph node transfer. Ann
Surg Oncol (2015) 22:2424-30. doi: 10.1245/s10434-014-4276-3

77. Ho OA, Chu S, Huang Y, Chen W, Lin C, Cheng M. Effectiveness of
vascularized lymph node transfer for extremity lymphedema using volumetric and
circumferential differences. Plast Reconstructive Surg - Global Open (2019) 7:€2003.
doi: 10.1097/GOX.0000000000002003

78. Vignes S, Blanchard M, Yannoutsos A, Arrault M. Complications of
autologous lymph-node transplantation for limb lymphoedema. Eur J Vasc
Endovasc. (2013) 45:516-20. doi: 10.1016/j.ejvs.2012.11.026

79. Sitzia J. Volume measurement in lymphoedema treatment: examination of
formulae. Eur ] Cancer Care (Engl). (1995) 4:11-6.doi: 10.1111/j.1365-2354.1995.tb00047 x

80. Casley-Smith JR. Measuring and representing peripheral oedema and its
alterations. Lymphology. (1994) 27:56-70.

81. Tierney S, Aslam M, Rennie K, Grace P. Infrared optoelectronic volumetry,
the ideal way to measure limb volume. Eur | Vasc Endovasc Surg (1996) 12:412-7.
doi: 10.1016/s1078-5884(96)80005-0

82. McKinnon JG, Wong V, Temple WJ, Galbraith C, Ferry P, Clynch GS, et al.
Measurement of limb volume: laser scanning versus volume displacement. J Surg
Oncol (2007) 96:381-8. doi: 10.1002/js0.20790

83. Cau N, Galli M, Cimolin V, Grossi A, Battarin I, Puleo G, et al. Quantitative
comparison between the laser scanner three-dimensional method and the
circumferential method for evaluation of arm volume in patients with
lymphedema. J Vasc Surgery: Venous Lymphatic Disord (2018) 6:96-103.
doi: 10.1016/j.jvsv.2017.08.014

84. Mestre S, Veye F, Perez-Martin A, Behar T, Triboulet J, Berron N, et al.
Validation of lower limb segmental volumetry with hand-held, self-positioning
three-dimensional laser scanner against water displacement. ] Vasc Surgery: Venous
Lymphatic Disord (2014) 2:39-45. doi: 10.1016/j.jvsv.2013.08.002

85. Cornish BH, Chapman M, Hirst C, Mirolo B, Bunce IH, Ward LC, et al.
Early diagnosis of lymphedema using multiple frequency bioimpedance.
Lymphology. (2001) 34:2.

86. Birkballe S, Jensen MR, Noerregaard S, Gottrup F, Karlsmark T. Can tissue
dielectric constant measurement aid in differentiating lymphoedema from
lipoedema in women with swollen legs? Br J Dermatol (2014) 170:96-102.
doi: 10.1111/bjd.12589

87. Ammitzbell G, Johansen C, Lanng C, Andersen EW, Kroman N, Zerahn B,
et al. Progressive resistance training to prevent arm lymphedema in the first year
after breast cancer surgery: results of a randomized controlled trial. Cancer-Am
Cancer Soc (2019) 125:1683-92. doi: 10.1002/cncr.31962

88. Delos Reyes AP, Partsch H, Mosti G, Obi A, Lurie F. Report from the 2013
meeting of the international compression club on advances and challenges of
compression therapy. J Vasc Surgery: Venous Lymphatic Disord (2014) 2:469-76.
doi: 10.1016/j.jvsv.2014.02.006

89. Zaleska M, Olszewski WL, Durlik M. The effectiveness of intermittent
pneumatic compression in long-term therapy of lymphedema of lower limbs.
Lymphat Res Biol (2014) 12:103-9. doi: 10.1089/Irb.2013.0033

90. Damstra RJ, Partsch H. Compression therapy in breast cancer-related
lymphedema: a randomized, controlled comparative study of relation between
volume and interface pressure changes. J Vasc Surg (2009) 49:1256-63.
doi: 10.1016/j.jvs.2008.12.018

91. Soria P, Cuesta A, Romero H, Martinez FJ, Sastre A. Dietary treatment of
lymphedema by restriction of long-chain triglycerides. Angiology. (1994) 45:703-7.
doi: 10.1177/000331979404500805

frontiersin.org


https://doi.org/10.1002/cncr.23494
https://doi.org/10.1002/jso.20905
https://doi.org/10.1007/s12282-020-01120-0
https://doi.org/10.21037/gs-21-186
https://doi.org/10.1097/SLA.0000000000002827
https://doi.org/10.1245/s10434-008-0270-y
https://doi.org/10.1097/SAP.0000000000001864
https://doi.org/10.1089/wound.2021.0056
https://doi.org/10.1089/wound.2021.0056
https://doi.org/10.1016/j.bjps.2021.11.094
https://doi.org/10.1016/j.cell.2020.06.039
https://doi.org/10.1038/s41467-021-23808-3
https://doi.org/10.1038/s41467-021-23808-3
https://doi.org/10.1016/j.biomaterials.2011.02.051
https://doi.org/10.1016/j.bjps.2020.05.009
https://doi.org/10.4252/wjsc.v12.i7.676
https://doi.org/10.1016/j.bjps.2018.09.007
https://doi.org/10.1016/j.bjps.2018.09.007
https://doi.org/10.1002/jso.25526
https://doi.org/10.1053/j.tvir.2016.10.009
https://doi.org/10.3390/jcm9061680
https://doi.org/10.1002/bjs.1800721120
https://doi.org/10.1007/s00259-017-3676-6
https://doi.org/10.1002/jso.25817
https://doi.org/10.1097/SLA.0000000000002917
https://doi.org/10.1148/radiol.2203010090
https://doi.org/10.1148/radiol.2017170241
https://doi.org/10.1067/j.cpradiol.2015.08.003
https://doi.org/10.1097/PRS.0b013e3182a4d626
https://doi.org/10.1245/s10434-014-4276-3
https://doi.org/10.1097/GOX.0000000000002003
https://doi.org/10.1016/j.ejvs.2012.11.026
https://doi.org/10.1111/j.1365-2354.1995.tb00047.x
https://doi.org/10.1016/s1078-5884(96)80005-0
https://doi.org/10.1002/jso.20790
https://doi.org/10.1016/j.jvsv.2017.08.014
https://doi.org/10.1016/j.jvsv.2013.08.002
https://doi.org/10.1111/bjd.12589
https://doi.org/10.1002/cncr.31962
https://doi.org/10.1016/j.jvsv.2014.02.006
https://doi.org/10.1089/lrb.2013.0033
https://doi.org/10.1016/j.jvs.2008.12.018
https://doi.org/10.1177/000331979404500805
https://doi.org/10.3389/fonc.2022.926237
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhang et al.

92. Hills NH, Pflug JJ, Jeyasingh K, Boardman L, Calnan JS. Prevention of deep
vein thrombosis by intermittent pneumatic compression of calf. Br Med ] (1972)
1:131-5. doi: 10.1136/bm;.1.5793.131

93. Yi L, Li W, Jiajia C, Ningfei L. Study on the efficacy of compound chinese
herbal formula lymphatic formula in the treatment of chronic lymphedema of the
limbs. J Tissue Reconstructive Surgery. (2015) 11:185-8.

94. Disheng Z, Jiliang G, Wenyi H, Liangyu H. Baking and tying therapy for
chronic lymphedema of the limbs. Bull Med Reseasrch. (2004) 33:56-9.

95. Foldi M, Foldi E, Kubik S. Textbook of lymphology: for physicians and
lymphedema therapists. (San Francisco: Urban and Fisher Press.) (2003).

96. Raines JK, O'Donnell TJ, Kalisher L, Darling RC. Selection of patients with
lymphedema for compression therapy. Am J Surg (1977) 133:430-7. doi: 10.1016/
0002-9610(77)90127-1

97. Piller NB, Morgan RG, Casley-Smith JR. A double-blind, cross-over trial of o-(-
hydroxyethyl)-rutosides (benzo-pyrones) in the treatment of lymphoedema of the arms
and legs. Br ] Plast surgery. (1988) 41:20-7. doi: 10.1016/0007-1226(88)90139-7

98. Boyages ], Kastanias K, Koelmeyer LA, Winch CJ, Lam TC, Sherman KA,
et al. Liposuction for advanced lymphedema: a multidisciplinary approach for
complete reduction of arm and leg swelling. Ann Surg Oncol (2015) 22:1263-70.
doi: 10.1245/s10434-015-4700-3

99. Karri V, Yang M, Lee IJ, Chen S, Hong JP, Xu E, et al. Optimizing outcome
of charles procedure for chronic lower extremity lymphoedema. Ann Plas Surg
(2011) 66:393-402. doi: 10.1097/SAP.0b013e3181d6e45¢e

100. Yamada Y. The studies on lymphatic venous anastomosis in lymphedema.
Nagoya ] Med Sci (1969) 32:1-21.

Frontiers in Oncology

20

10.3389/fonc.2022.926237

101. Pierre CS, Dassonville O, Chamorey E, Poissonnet G, Ettaiche M, Santini J,
et al. Long-term quality of life and its predictive factors after oncologic surgery and
microvascular reconstruction in patients with oral or oropharyngeal cancer. Eur
Arch Oto-Rhino-L. (2014) 271:801-7. doi: 10.1007/s00405-013-2592-z

102. Cemal Y, Jewell S, Albornoz CR, Pusic A, Mehrara BJ. Systematic review of
quality of life and patient reported outcomes in patients with oncologic related
lower extremity lymphedema. Lymphat Res Biol (2013) 11:14-9. doi: 10.1089/
1rb.2012.0015

103. Eltahir Y, Werners LLCH, Dreise MM, van Emmichoven [AZ, Jansen L,
Werker PMN, et al. Quality-of-life outcomes between mastectomy alone and breast
reconstruction. Plast Reconstr Surg (2013) 132:201e-9e. doi: 10.1097/
PRS.0b013e31829586a7

104. Pusic AL, Cemal Y, Albornoz C, Klassen A, Cano S, Sulimanoff I, et al.
Quality of life among breast cancer patients with lymphedema: a systematic review
of patient-reported outcome instruments and outcomes. J Cancer Surviv. (2013)
7:83-92. doi: 10.1007/s11764-012-0247-5

105. Atisha D, Alderman AK, Lowery JC, Kuhn LE, Davis J, Wilkins EG.
Prospective analysis of long-term psychosocial outcomes in breast reconstruction.
Ann Surg (2008) 247:1019-28. doi: 10.1097/SLA.0b013e3181728a5¢

106. CASLEY-SMITH JR. Lymphedema : summary of the 10th international
congress of lymphology working group discussions and recommendations,
adelaide, australia, august 10-17, 1985. Lymphology. (1985) 18:175-80.

107. ISL ISOL. The diagnosis and treatment of peripheral lymphedema 2009

consensus document of the international society of lymphology. Lymphology.
(2009) 42:51-60.

frontiersin.org


https://doi.org/10.1136/bmj.1.5793.131
https://doi.org/10.1016/0002-9610(77)90127-1
https://doi.org/10.1016/0002-9610(77)90127-1
https://doi.org/10.1016/0007-1226(88)90139-7
https://doi.org/10.1245/s10434-015-4700-3
https://doi.org/10.1097/SAP.0b013e3181d6e45e
https://doi.org/10.1007/s00405-013-2592-z
https://doi.org/10.1089/lrb.2012.0015
https://doi.org/10.1089/lrb.2012.0015
https://doi.org/10.1097/PRS.0b013e31829586a7
https://doi.org/10.1097/PRS.0b013e31829586a7
https://doi.org/10.1007/s11764-012-0247-5
https://doi.org/10.1097/SLA.0b013e3181728a5c
https://doi.org/10.3389/fonc.2022.926237
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Visual analysis of global research output of lymphedema based on bibliometrics
	1 Introduction
	2 Data sources and study methods
	2.1 Data sources
	2.2 Analysis strategy
	2.3 Research method

	3 Results
	3.1 Characteristics of lymphedema publication output
	3.1.1 The document types included in the study
	3.1.2 The trends of annual publication volume and cited frequency
	3.1.3 Distribution of publications by journal
	3.1.4 Distribution of publications by discipline categories
	3.1.5 Distribution of the top 100 highly cited publications

	3.2 Major academic communities of lymphedema publications
	3.2.1 Distribution of publication output by countries
	3.2.2 Distribution of publication output by institutions
	3.2.3 Distribution of publication output by authors

	3.3 Keywords and hotspots of lymphedema publication output
	3.3.1 The frequency network of keywords about lymphedema publications
	3.3.2 The analysis of representative keywords


	4 Discussion
	4.1 Research output characteristics of lymphedema publications.
	4.2 Major academic groups exhibit different characteristics at different levels.
	4.2.1 National level:
	4.2.2 Institutional level:
	4.2.3 Author level:

	4.3 The research hotspots in the field of lymphedema
	4.3.1 Cluster1: The etiological study of cancer-related lymphedema
	4.3.2 Cluster 2: The lymphatic-vessel-related research
	4.3.2.1 Lymphangiogenesis
	4.3.2.2 Lymphatic-vessel imaging

	4.3.3 Cluster 3: The volume measurement of lymphedema
	4.3.4 Cluster 4 and 5: Treatment and prognosis of lymphedema


	5 Advantages and limitations
	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	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


