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Background: Pediatric liver transplantation is used to treat children with end-stage liver disease. This study explored the re-
search hotspots and bibliometric characteristics of pediatric liver transplantation through a variety of biblio-
metric analysis software. We conducted hotspot analysis to help determine important directions for future sci-
entific research.

Material/Methods: The study samples were articles related to pediatric liver transplantation published in PubMed in the past 5
years. The high-frequency keywords are extracted by BICOMB software, and then a binary matrix and a com-
mon word matrix were constructed. Gcluto software was used to perform double-clustering and visual analysis
on high-frequency words, and then we obtained hot area classification. Strategic coordinates are constructed
using Excel. Citespace and VOSviewer software are used for further analysis and bibliometric data visualization.

Results: A total of 36 high-frequency words were found in the 4118 studies. A peak map was drawn through double-
cluster analysis. Biclustering analysis was used to calculate the concentricity and density of each hotspot. We
obtained the top 10 countries/regions engaged in pediatric liver transplantation research. VOSviewer was used
to visualize the co-author map.

Conclusions: We found 5 clusters and 7 aspects for pediatric liver transplantation. Additionally, calculation results showed
that post-transplant lymphoproliferative disorder in pediatric patients and outcomes of multivisceral transplan-
tation seem very promising. This conclusion is of great value for future exploratory research.
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Material and Methods

Liver transplantation is the most effective method to treat pe-
diatric end-stage liver diseases. In 1963, Thomas Starz| per-
formed world’s first liver transplant on a 3-year-old child with
biliary atresia [1]. With the development of scientific technol-
ogy, pediatric liver transplantation has been continuously im-
proved in terms of surgical techniques, anesthesia manage-
ment, donor liver access and preservation, immunosuppression,
and management of postoperative complications. Pediatric liv-
er transplantation has greatly evolved in recent decades [2,3],
but problems still exist. For example, many parents of children
have inadequate understanding of surgery, there are various
limiting economic and social factors and difficulties in sur-
gery, and these problems slow the development of the pedi-
atric liver transplantation and contribute to the lack of conti-
nuity and efficiency.

Bibliometric analysis is a research method which uses math-
ematical or statistical methods to describe the quantity of
external features of a document, and then evaluates and
predicts the status and development trends of science and
technology [4,5]. Bibliometric analysis focuses on the metro-
logical characteristics of a large number of articles published
in a certain field through a quantitative method [6]; it is an
emerging discipline that studies the mathematical laws in the
literature. With the continuous development of science and
technology, the theories and methods of bibliometric have
gradually been applied in various fields. Co-word analysis is
an important method of bibliometrics, and is widely used in
China and abroad. It can be used to identify the trend of top-
ics and hot topics [7]. The principle is that, when 2 terms that
can express the research theme and research direction of a
certain subject area appear in the same document, it shows
that there is a certain inherent relationship between the 2
words, and with more occurrences, there are shorter distanc-
es and closer relationships. The use of modern statistical tech-
nology to classify the keywords of the disciplines to summarize
the research hotspots and research structure of the discipline
has important reference value for planning the discipline lay-
out and adjusting the discipline direction [8-11]. Bibliometric
research often uses software (such as Citespace, Vosviewer,
BICOMB, and Excel) for visual analysis.

Many papers related to pediatric liver transplantation have
been published in the past decade, and one study analyzed
the bibliometric focus on pediatric liver transplantation from
1945 to 2014. However, few studies have been conducted to
analyze the publication data in a systematic way in the last 5
years. In this study, we performed a bibliometric analysis of ar-
ticles on pediatric liver transplantation in PubMed from 2014
to 2018 using various analytical tools to explore the research
trend and hotspots.

Data collection

Data were obtained from the PubMed database, which allows
searching for published medical articles through a search en-
gine provided by the National Biotechnology Information Center
in the United States. Its database source is MEDLINE. Its core
theme is medicine, but it also covers other areas related to
medicine. We obtained studies on pediatric liver transplan-
tation or child liver transplantation in PubMed from January
1, 2014 to December 31, 2018, for English-language articles
only. The search strategy was: (“pediatrics”[MeSH Terms] OR
“pediatrics”[All Fields] OR “pediatric”[All Fields]) AND “liver
transplantation”[MeSH Terms]) OR (“child”[MeSH Terms] OR
“child”[All Fields]) AND “liver transplantation”[MeSH Terms])
AND (“2014/01/01”[PDAT]: “2018/12/31”[PDAT]). The research
identified 4118 articles in PubMed. And title, author, country,
institution, MeSH terms, and year of publication were con-
tained as key qualifications, which were saved as XML formats.

Data extraction and analysis

Bibliographic Items Co-occurrence Matrix Builder (BICOMB) is
used for data extraction and matrix construction. This software
is @ more commonly used bibliometrics software for keyword
co-occurrence and was designed by Professor Lei Cui of China
Medical University [12]. After data extraction, we obtained
the most common major MeSH terms, as shown in Table 1.
The source studies at high frequencies and the major MeSH
terms were shown be referring to bilinguals. The binary ma-
trix was output with the source literature as rows and high-
frequency subject terms as columns. To better show the clus-
tering results, we use Gcluto for double-cluster analysis, which
was developed by Rasmussen and Karypis of the University of
Minnesota to perform double-cluster analysis on the MeSH
terms-source article matrix [13]. External similarity (ESim) repre-
sents the average similarity between clusters, and internal sim-
ilarity (ISim) represents the average similarity within a cluster.
The ESim and the ISim were used to optimize the results. We
double-clustered the binary matrix and obtained the hotspot
categories through Gcluto software, then we generated visual
mountain maps and heat maps based on the results of cluster
analysis. Semantic relationships between the MeSH terms and
the content of each study in different groups were assessed.

Vosviewer, a freely available computer software for biblio-
metric data construction and visualization [14], was used for
high-frequency terms and to create a keyword density map.
CiteSpace is software for identifying and displaying new trends
and new developments in scientific literature, and it was de-
veloped by Chaomei Chen in 2004 [15-17]. CiteSpace was usu-
ally used to assess the productivity of authors, countries, and
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Table 1. High-frequency major MeSH terms from the included publications on pediatric liver transplantation.

Rank Keywords Frequency Perc;z)t age p;::::la;t:vg )
1 Humans 3565 5.2213 5.2213
""""" 2 Female 211 36776 88989
""""" 3 Male 200 36630 12519
4 chd s 27754 153373
""""" 5 Chid Preschool 137 19875 173248
""""" 6  Adoleset o133 193 19271
""""" 7 oAdwt wun 173 210507
""""" &  nfant 13w 1e67 227174
""""" 9 MiddeAged 1073 15715 242889
"""" 10 Retrospective Studies 1070 15671 25851
"""" 11 LverTransplantaton 103 1503 273763
"""" 12 TreatmentOutcome 1025 15012 288775
"""" 13 YoungAdwt 753 11028 299804
"""" 4  Agd  e9 o092 30906
"""" 15 Rikfactos 5% o0gess 317701
"""" 16 LiverTransplantation/Adverse Effects 583 08539 326240
"""" 17 LiverTransplantation/Methods 507 0746 333665
"""" 18 Folow-UpStudies 449 06576 340041
"""" 19 Timefatos 49 0590 34632
"""" 20 LlvingDonors 405 0592 352163
"""" 21 Anmas 30 os4a19 35758
"""" 22 Infant,Newbon 3 0514 36279
"""" 23 Prognoss 35 0519 36796
"""" 24 Grftsuvval 37 o049 372492
"""" 25 LverPathology 288 0418 376710
"""" 26 LiverTransplantation/Mortalty 243 03559 38029
"""" 27 Prospective Studes 26 03310 383579
"""" 28 SunialRate 23 0366 386845
"""" 29 Severityofllnessindex 219 0307 390052
"""" 30 Agefatos 217 o378 39331
"""" 31 EndStage Liver Disease/Surgery 209 03061 396292
"""" 32 incidence 12 o212 399104
"""" 33 LiverNeoplasms/Surgery 189 02768 401872
"""" 34 LiverNeoplasms/Pathology 187 02739 404611
"""" 35 Biliary Atresia/Surgery 183 02680 407291
"""" 36 Immunosuppressive Agents/Therapeutic Use 180 02636 409927
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Table 2. The centrality and density of the 5 clusters.

Cluster Intra-class link averages

Average

Density-Y
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Inter-class link averages Centrality-X

institutions, and to determine international cooperation and
geographical distribution, so that research hotspots in specific
areas can be explored.

Strategic coordinate

We used Excel to import the clustering information of gCLUTO
into the co-word matrix, calculated the average value of intra-
class links and the average value of inter-class links, and then
calculated the concentricity and density (Table 2). In the strat-
egy diagram, the X axis is set to the degree of concentricity,
which indicates the strength of the cluster’s interaction with
external categories. The concentricity of a category is calculated
by the strength of the connection between the high-frequency
words of that category and the high-frequency words of oth-
er categories. The Y axis represents density, which shows the
strength of internal integrity for a given category. The density
of a category is calculated from the average link in the cate-
gory [18-21].

Results

Figure 1 shows the numbers of articles published in PubMed
about pediatric liver transplantation studies from January 1,
2014 to December 31, 2018. The high-frequency keywords in
pediatric liver transplantation were generated by Vosviewer to
achieve overlay visualization (Figure 2). Different colors repre-
sent the corresponding publication time. Based on the high-
frequency words, a binary matrix was constructed, the fre-
quency number before the 36" word is greater than its ordinal
number, and the frequency number of the high-frequency
term after the 37" word is less than its ordinal number. Thus,
the terms ranked higher than 36 can be defined as very high-
frequency. There were 36 high-frequency major MeSH terms
from the included publications on pediatric liver transplanta-
tion (Table 1). The major MeSH terms appear as a row and the
PubMed Unique Identifiers of source articles appear as a col-
umn based on the co-occurrence of high-frequency MeSH terms
in the same article. We constructed a high-frequency major
MeSH terms-source articles matrix. In the matrix, “1” means

89.83
2018 877
2017 852
2 206 789

2015 748
2014 724

T T T T T 1

0 200 400 600 600 1000

Numbers of articles

Figure 1. Numbers of articles published about pediatric liver
transplantation in last 5 years.

that the term is present in the article, and “0” indicates that
it is not present. Then, a matrix of co-words was established.
In that matrix, the numbers indicate the numbers of co-occur-
rences between 2 terms.

Different numbers of clusters were used for double-cluster
analysis. In Figure 3A, each category is numbered from 0 to 4.
In mountain peak visualization, by using the multidimensional
scaling method to determine the location of each cluster cen-
ter, it is possible to quickly determine the main clusters and to
assess similarity between clusters. The shape of each cluster is
represented by a Gaussian curve, which is used to estimate the
distribution of the data in each cluster. Each mountain peak is
a cluster, and the information of the group is displayed by the
position, volume, height, and color of the peaks. The volume
of a mountain peak is proportional to the number of studies
contained in the group. The larger the volume, the greater the
number of articles. The height of the peaks is proportional to
the intra-class similarity. The greater the intra-class similarity,
the steeper the mountain. The peaks with the highest intra-class
similarity are red. Only the display at the peak of the moun-
tain is significant, and the other positions have been smoothed.
Figure 3B shows a visualized matrix of the biclustering of high-
frequency keywords of pediatric liver transplantation. Each row
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Figure 2. High-frequency keyword overlay visualization by Vosviewer.

represents a high-frequency keyword, and each column rep-
resents an article. The red color in the matrix indicates that
the high-frequency word appears in the corresponding article.
A larger value shows as a deeper red grid, white represents a
value closer to zero, and negative values are green. The dou-
ble-clustering matrix visualization showed that 36 major MeSH
terms were totally clustered in 5 peaks. The hierarchical tree
on the left describe the keyword clustering results, and the
hierarchical tree on the top show the article clustering results.
The colors in the figure indicated whether keywords appeared.
By summarizing the semantic relationship between high-fre-
quency words and source articles, we summarized the research
on pediatric liver transplantation into 7 hot topics.
1. Critical elements in pediatric allograft selection (Cluster 0);
2. Surgical treatment for childhood hepatoblastoma (Cluster 0);
3. Post-transplant lymphoproliferative disorder in pediatric pa-
tients (Cluster 1);
4. Results and improved outcomes in pediatric liver transplan-
tation (Cluster 2);
5. Fibroadenoma after living donor liver transplantation
(Cluster 2);
6. Outcomes of multivisceral transplantation (Cluster 3);
7. Food allergies developing after solid organ transplant
(Cluster 4).
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The strategic coordinate chart shows the centrality with the X
axis and the density with the Y axis. Clusters in the first quad-
rant have high centrality and density. Clusters in this quad-
rant are highly developed and important topics in the subject
area. Clusters in the second quadrant have a high degree of
development and a very professional and peripheral theme,
which is very important in terms of the field itself. Clusters in
the third quadrant are low-density and low-centrality, which
mainly represent emerging themes. Clusters in the fourth quad-
rant are important for the research area, but have not yet been
developed. As can be seen in Figure 4, clusters 0 and 4 are in
the first quadrant, representing the corresponding categories
in the central and core field. Cluster 2 is in the second quad-
rant, representing the corresponding category is in a peripher-
al mature domain. Clusters 1 and 3 are in the third quadrant,
indicating that their corresponding categories are in relatively
unpopular fields (Figure 4).

Network of co-authors’ countries and institutions are shown in
Figure 5A. We found that the USA had the most publications
(1323) of studies according to the top 10 list of countries/re-
gions (Table 3) which were engaged in the study of pediatric
liver transplantation, followed by Japan (456), and Italy (340).
The network map of departments involved in pediatric liver

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



DATABASE ANALYSIS

LiS. etal:
Bibliometric analysis of pediatric liver transplantation research...
© Med Sci Monit, 2020; 26: €922517

| i

l..;.
il
|
a
e
I'E-_.

|

=

Cluster Mesh terms

Cholestasis/theraphy

Cholestasis. intrahepatic/ diagnosis
Alagille syndrome/ surgery

Heart transplantation/ adverse effects
Cholangitis, sclerosing/ epidemiology
Patient compliance

Short bowel syndrome/ therapy
Histocompatibility testing
Chemoembolization, therapeutic | adverse effects
Neoplasm recurrence, local/ pathology
Neoplasm recurrence, local/ mortality
Carcinoma, hepatocellular/ diaonosticimaging
T-Lymphocytes/ immunology

Reverse transcriptase polymerase chain reaction
Hepatocytes/ drug effects

Models, animal

Hypertension, portal / diagnosis

Liver failure, acute/ blood

Kidney function tests

Acute kidney Injury/ etiology

Pancreas transplantation

Heart failure/ surgery

Renal insufficiency/ surgery

Biliary atresia/ metabolism
Transplantation, Homologous/ methods
Kidney failure chronic/ etiology

Liver function tests/ methods

Cadaver

Liver diseases/ mortality

Living donors/ statistics & numerical data
Liver transpOlantation/ economics

Graft vs host disease/ etiology
Susrvivors

Carcinoma, hepatocellular/ virology
Hepatitis B, chronic/ complications
Forecasting

Hepatitis C, chronic/ epidemiology
Sustained virologic response

Hepatitis (/ virology

Portal Vein/ abnormalities
Anticoagulants/ therapeutic use
Canada

Brazil

Cluster 1

Cluster 0

Cluster 2

Cluster 4

Cluster3

Figure 3. (A) Mountain visualization of biclustering of highly frequent keyword of pediatric liver transplantation. (B) Visualized matrix
of the biclustering of high-frequency keywords of pediatric liver transplantation.
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transplantations is shown in Figure 5B. The top 10 institutes
@ Cluster0 . : o ;
0 - W Cluster 1 in Table 3 contributed the great majority of the total publi-
2 @ Cluster2 cations. In this list, Department of Pediatrics ranked first, fol-
3018 * X E:ﬂﬁ{ﬁ:i lowed by Department of Surgery, Department of Pathology,
Second quadrant 20 First quadrant and Department of Pediatrics Surgery.
101 A
) Centarlity Figure 6 shows the co-author map visualized by VOSviewer. Among
_1'00 _5'0 v v 5'0 160 1 ;o these contributing authors, Kasahara Mureo and Inomata Yukihiro
=107 were the most active authors and researchers in this field. Table 4
Third quadrant~ —20 Fourth quadrant indicates the rank of journals that published articles on pediat-
3 ric liver transplantation in PubMed during 2014-2018. Pediatric
Transplantation published the most articles in this research field
u 407 (354), followed by Liver Transplantation (190), Transplantation
-50° proceedings (169), and Journal of Pediatric Gastroenterology and
Nutrition (127). This table shows that these journals are influ-
Figure 4. Strategic diagram of clusters. ential sources of knowledge in pediatric liver transplantation.
A B
7
INDIA A
i/ f
O T
REPUBLICOF KOE!EAAJEGA;!-_)gzKEY y } X Division of Gaslr/oenterology
A ——W}U‘?;J@g.g}li?g,m?&‘ Al ) Department nfMadinir;?PEdiamc Naphedibgy
: iR eicies.”
TEGPAKISTAMY AU T RIACD) r\uufDOM “ ,;',"g{‘;;{:s'“"
fonsrieronRADA \
Tr
) VA%

Figure 5. (A, B) Network of co-authors’ countries and departments.

Table 3. The top 10 countries and institutes that contributed to publication in pediatric liver transplantation.

Rank Country Count Institute Count
1 USA 1323 Department of Pediatrics 546
R jajpan 456 DepartmentofSurgery . 837
3wy 340 Departmentof Pathology 28
o4 Germany 317 Department of Pediatrics Surgery 180
""""" s China 284  DepartmentofRadiology 176
6 Fance 200 Department of Gastroenterology 159
7 nda 207 Division of Gastroenterology 14
s Tukey 186 Department of Medicine 134
9 Braal 179 Department of Internal Medicine | %
"""" 10 Canada 173 Department of Gastroenterology and Hepatology 87
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Figure 6. Co-author density map by Vosviewer.

Table 4. Rank of journals that published articles on pediatric liver transplantation in NCBI-PubMed during 2014-2018.

Rank Journal title Count (%)

1 Pediatric Transplantation 354 (8.6)
""""""""""" 2 LverTamsplantation 190 @46
""""""""""" 3 Toansplantation Proceedings 169 @1
""""""""""" 4 Joumalof Pediatric Gastroenterology and Nutriton 127 32)
s Experimental and Clinical Transplantation 9 (3)
""""""""""" 6  Americanlournal of Transplantation 8 @)
""""""""""" 7 Tansplantation 71508
""""""""""" 8  Worldjoumal of Gastroenterology 66 (16
""""""""""" 9  PlosOore . eay
"""""""""" 10 JoumalofPediatric Sugery 543
"""""""""" 11 Hepatlogy  s1qan
"""""""""" 12 AnalsofTransplantation a9 a2
"""""""""" 13 Clnical Tansplantation 39 00
"""""""""" 14 Lverntematonal 3709
"""""""""" 15 JoumalofHepatology 35 09
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Discussion

Liver transplantation has become a routine treatment for end-
stage liver disease in children. Indications and contraindications
for liver transplantation are worthy of attention and analysis.
The clinical treatment of pediatric liver transplantation has been
fully discussed in the published literature, however, there was
few of bibliometric studies on pediatric liver transplantation.

The present bibliometric study identified hot research top-
ics, and we analyzed the status of their contents. Pediatric al-
lografts are selected for optimal waiting for mortality and long-
term survival. Currently, pediatric liver waiting list mortality is
a serious problem, especially for young children [22]. Anatomy,
graft volume, portal hypertension degree, and underlying dis-
ease are important considerations for selecting the best graft
in children [22]. In the past 40 years, based on the increase in
anatomical knowledge and the increasing experience in liver
resection and the continuous updating of surgical techniques,
the surgical operation of pediatric liver tumors has also pro-
gressed. Childhood hepatoblastoma is a malignant tumor of the
liver that arises from the germinal tissue of the liver. Childhood
hepatoblastoma mostly occurs in infants and young children.
Surgical treatment of hepatoblastoma in children is directly re-
lated to the prognosis of the child. In transplant patients, cal-
cineurin inhibitors inhibit T cells to reduce the regulation of B
cell proliferation, in which case they are easily infected with
Epstein-Barr virus. B lymphocyte hyperplasia eventually devel-
oped into lymphoproliferative disease after transplantation.
PTLD is a serious complication of solid organ transplantation
in children, with a mortality rate of about 30% to 60%. Its inci-
dence has increased over the past decade [23,24]. Multivisceral
transplantation refers to the transplantation of 3 or more or-
gans — liver-pancreas, duodenum, stomach, and small intes-
tine — with or without the right hemicolon, and some include
kidneys. Some new surgical methods such as liver-intestinal,
liver-kidney, pancreas-kidney and multivisceral cluster trans-
plantation have emerged recently. These new advanced sur-
gical approaches improve the curative effect of abdominal or-
gan transplantation. Food allergy is a morbidity occurring after
solid organ transplantation, and it is very important to identify
food allergy after transplantation, because food allergy may
be life-threatening, leading to serious morbidity and thus af-
fecting the quality of life of patients. More research is need-
ed to report food allergies after solid organ transplantation,
especially epidemiology, and relevant mechanisms should be
proposed to guide clinical practice [25].

Pediatric liver transplantation has made remarkable achieve-
ments, has become a standardized treatment, and has brought
hope for long-term survival to many children with end-stage
liver disease. The further development of pediatric liver trans-
plantation requires the joint efforts of multiple disciplines.

DATABASE ANALYSIS

Recent studies have found that the development of pediatric
liver transplantation can be promoted through multiple links
and multiple approaches, including establishing a well-func-
tioning organ distribution network, improving surgical meth-
ods to reduce complications, improving short-term survival
rates, and establishing a mechanism for multi-disciplinary col-
laboration. Liver transplantation for liver malignancies, espe-
cially hepatoblastoma, is a key development area [26], which
is consistent with the research hotspots shown in this study.

From this study, we obtained high-frequency topic words
of pediatric or child liver transplantation. From these high-
frequency words, we can understand the hotspots of this re-
search. Through double-cluster analysis, we obtained a peak
map. The concentricity and density of each hot spot were calcu-
lated using the common word matrix and double-cluster anal-
ysis. We built mountain visualization and visualized matrix of
the biclustering of high-frequency keywords in pediatric liver
transplantation through software. Through the construction
of the knowledge network, we learned which countries, insti-
tutes, and researchers are more active in pediatric liver trans-
plantation. We assessed the rank of journals that published
the most articles on pediatric liver transplantation, which ac-
counted for about 36% of articles in this research area. In the
strategic coordinate chart, the X axis represents the centrip-
etal degree, which indicates the strength of the mutual influ-
ence, and is calculated by the strength of the connection be-
tween the high-frequency topic words in this category and the
high-frequency topic words in other categories; The Y axis rep-
resents density, which indicates the strength of the internal
integrity of a given category, and the density of a category is
calculated from the average link in the category. Cluster 0 and
cluster 4 were found in the first quadrant, which described sur-
gical treatment for childhood hepatoblastoma and critical el-
ements in pediatric allograft selection, and food allergies de-
veloping after solid organ transplant. Clusters located in this
quadrant are important research topics and hotspots of their
disciplines, and they have received more attention. Clusters lo-
cated in the second quadrant had a high density, but central-
ity was low, which indicated that these research topics were
closely related and have been well researched on their own,
forming relatively independent research areas, but these re-
search topics are not very closely related to other research
topics. Cluster 2 was found in the second quadrant which
was closer to the x axis and described fibroadenoma after liv-
ing donor liver transplantation. The research on this topic was
shown to be relatively mature. Density and centrality in the
third quadrant are both low, and clusters in the third quad-
rant have a loose internal structure and are not closely relat-
ed to other studies. They belong to the fringe research areas
where their research areas have not received much attention.
The research is not yet mature and needs further development.
In the fourth quadrant, the density was relatively low and the
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centrality was high. Research in this quadrant had a certain
potential for development, but because of its loose connec-
tions, the structure was unstable and easily decomposed, and
no cluster was found in this quadrant.

Limitations

There are some limitations to our research. The input data
of the bibliometric analysis software mentioned in the article
mainly comes from PubMed. This database is more advanced
in terms of journal source, country, author, and departments
information. Therefore, we only analyzed the publication data
in the PubMed database. We did not use multiple search en-
gines (e.g., WoSSC, Scopus, Ovid, Google Scholar). Most pub-
lications in PubMed are written in English, which may be lin-
guistically biased. We will consider multiple search engines for
data analysis in future research.
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