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Abstract

BACKGROUND

Liver transplantation (LT) has demonstrated favorable efficacy in managing end-
stage alveolar echinococcosis. Nevertheless, the current research focal points and
advancement trends remain ambiguous.

AIM
To map the research landscape to underscore critical areas of focus, influential
studies, and future directions of LT for echinococcosis treatment.

METHODS
Publications on LT for echinococcosis treatment published between 1900 and 2023
were searched in the Web of Science database and analyzed using bibliometrics.
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RESULTS

A total of 14 countries/regions, 75 institutions, and 499 authors have published research articles, with China,
Turkey, and France being the three most productive countries. The four institutions with the most contributions
were Sichuan University, Xinjiang Medical University, the University de Franche Comte, and Inonu University.
The three authors who contributed the most were Wen Hao, Wang Wentao, and Bresson Hadni Solange. The four
most common keywords were alveolar echinococcosis, LT, ex-vivo liver resection and autotransplantation, and
echinococcosis multilocularies.

CONCLUSION

Our study found that the treatment of complications after LT for echinococcosis treatment and the preoperative
surgical plan based on the anatomical relationship between the lesion and the blood vessel are early research
hotspots. Recent research focuses on the treatment of complications after ex-vivo liver resection and autotrans-
plantation, especially vascular complications.

Key Words: Bibliometrics; Liver transplantation; Echinococcosis; Ex-vivo liver resection and autotransplantation; Vascular
complications

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: While numerous studies have reports on liver transplantation for echinococcosis, few have delved into its historical
context and emerging trends. This study underscored the importance of comprehending historical and trend-based
dimensions to anticipate future research hotspots in this domain. Consequently, the study aimed to conduct a bibliometric
analysis to map the research landscape, highlight influential works, and identify potential future research directions.
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INTRODUCTION

Echinococcosis is a globally distributed zoonotic disease caused by the parasites Echinococcus granulosus (E. granulosus)
and Echinococcus multilocularis (E. multilocularis), which are responsible for cystic echinococcosis (CE) and alveolar echino-
coccosis (AE), respectively[1]. This disease poses a significant threat to human health and imposes substantial economic
burdens on global development. Both CE and AE are predominantly prevalent in pastoral and semi-pastoral regions,
including areas such as western China, the eastern Mediterranean, southern and eastern Europe, North Africa, South
America, and Central Asia[2]. Despite the considerable similarity between E. granulosus and E. multilocularis, these species
exhibit distinct biological growth patterns, leading to the formation of fluid-filled cystic lesions in CE and infiltrative
growth lesions in AE.

The World Health Organization Informal Working Group on Echinococcosis recommends radical resection combined
with oral albendazole as the first-line treatment for these conditions[3]. The insidious growth of the parasites and
progression of the disease, coupled with a general lack of awareness among patients, as well as significant involvement of
major vasculature and compromised hepatic function, often results in the majority of cases being unresectable at the time
of diagnosis, particularly in instances of AE. Consequently, the mortality rate for these patients is high, and liver
transplantation (LT) is reserved as a last resort to preserve life. Currently, patients with end-stage hepatic AE and CE are
considered candidates for LT, which is routinely performed in specialized centers within endemic regions, albeit in
limited numbers.

The inaugural case of LT for echinococcosis treatment dates back to 1986, when a patient with end-stage hepatic AE
successfully underwent deceased donor LT (DDLT)[4]. Nevertheless, LT in patients with echinococcosis remains
uncommon due to technical challenges, donor shortages, and associated complications. It was not until 2009 that the first
cases of living donor LT (LDLT) were performed on 2 patients with end-stage AE[5]. In contrast, patients with CE seldom
require LT unless they develop Budd-Chiari syndrome, which leads to liver failure. A case of LT in a CE patient has been
documented|[6].

Ex-vivo liver resection and autotransplantation (ELRA) was initially introduced in 2010 by Wen Hao as a treatment for
end-stage echinococcosis. Since then, it has gradually become the preferred option for unresectable cases, primarily due
to its advantages of not requiring an organ donor, eliminating the need for immunosuppression, and having a relatively
low recurrence rate[7]. Given that LT for echinococcosis treatment is considered an orphan procedure and is performed
only sporadically in a limited number of centers within endemic regions, a comprehensive analysis could offer valuable
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insights into the historical and current trends of LT in the context of echinococcosis, potentially informing future
developments in this field.

Bibliometrics involves the quantitative analysis of extensive collections of publications within specific research
domains, utilizing visualization tools alongside mathematical and statistical methods to elucidate current research topics
and predict future trends[8]. Our investigation revealed an absence of publications in the global database that examined
LT for the treatment of echinococcosis through bibliometric analysis. This study analyzed the countries, institutions,
authors, references, and keywords associated with LT for echinococcosis treatment from 1900 to 2023 by bibliometrics to
elucidate the current status and forecast potential future research directions.

MATERIALS AND METHODS

Data collection

The Web of Science Core Collection (WoSCC) was selected as the primary database of our study. We searched articles of
LT for echinococcosis treatment published between 1900 and 2023 with the following formula: TS = (Echinococc* OR
Hydatid* OR cystic echinococc* OR alveococcosis OR alveolar echinococc* OR Multilocular echinococc*) AND TS =
(graftk OR transplant* OR Liver* transplant* OR Hepatic* transplant* OR Autotransplant* OR Ex-vivo liver* resection
OR ex-vivo resection). The entire WoSCC records, including the cited references, were downloaded in TEXT format within
1 day on December 26, 2023 to minimize possible deviations caused by database updates. The flowchart of data collection
and analysis was illustrated in Figure 1A.

Data analysis

The bibliometric tools used in this paper were VOSviewer (version 1.6.18) and CiteSpace (version 5.7.R5 Advanced).
VOSviewer was used to conduct collaborative network analysis of countries, institutions, authors, co-occurrence network,
and density analysis of keywords. CiteSpace could provide citation burst analysis, supporting the identification of
research trends and hotspots in the field. Origin 2021 is a scientific drawing and data analysis software developed by
OriginLab (Northampton, MA, United States). It is used for data statistics and annual publication mapping in this study.
Microsoft Office Excel 2016 was used for descriptive statistical analysis and chart generation. Scimago Graphica (version
1.0.24) was used to process image data and beautify images.

RESULTS

Annual publications and citations

A total of 85 publications on LT for echinococcosis treatment published in the WoSCC database from January 1, 1900 to
December 26, 2023 were included in this study. The number of publications and citations related to LT for echinococcosis
treatment has increased steadily since 1988. Since 2011, the number of publications has gradually increased, and the
annual citation growth of publications has been consistent with the growth trend of publications, reflecting that LT has
gradually become an indispensable part of research in this field (Figure 1B).

Analysis of cooperation status

Countries/regions: The results showed that a total of 14 countries/regions contributed to the treatment of LT for echino-
coccosis treatment. The top three countries in terms of the number of publications were China (1 = 41, 48.2%), Turkey (n =
13, 15.3%), and France (n =9, 10.6%) (Figure 2A). The intensity of cooperation between these countries is relatively weak,
among which France has cooperative relations with China, Switzerland, and other countries (Figure 2B).

Institutions: The institution with the largest volume of publications was Sichuan University (n = 21, 205 citations),
followed by Xinjiang Medical University (n = 14, 233 citations) and University de Franche Comte (n = 8, 586 citations),
Warsaw Medical University (n = 5, 97 citations), and Inonu University (n = 5, 69 citations). The top 10 production
institutions in terms of the number of publications were centralized in China, Turkey, France, and other major producing
countries (Table 1). The University de Franche Comte located in France, has close cooperation with many institutions
(Figure 2C). Combined with Figure 2B and C, it was found that the cooperation between the main producing countries
was not as good as the cooperation between domestic institutions.

Authors: In this study, the number of publications and citations on LT for echinococcosis treatment ranked among the top
10 authors (Table 2). Wang Wentao had the most publications (n = 15), followed by Wen Hao (n = 13) and Yang Xianwei (
n =12). Among them seven authors were from China, and the remaining three authors were from France or Turkey. In
China, there is a close cooperation between Wang Wentao and Wen Hao (Figure 2D), and Wen Hao’s articles have been
cited in the top second in this field. Bresson Hadni Solange from France has published articles with the highest citations,
making great contributions to the development of this field.

Analysis of co-cited references: Our analysis of co-cited references yielded 1081 records. Figure 3A shows the top 20 co-
cited references. The top 10 co-cited references are shown in Supplementary Table 1 and 2. Among them, the paper
entitled, “Experience of LT for incurable AE: A 45-case European collaborative report” has received the greatest number
of co-citations (n = 31)[9]. The paper entitled, “Expert consensus for the diagnosis and treatment of cystic and AE in
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Table 1 List of top 10 contributing institutions

Rank Institutions Country Documents Citations
1 Sichuan University China 21 205
2 Xinjiang Medical University China 14 233
3 University de Franche Comte France 8 586
4 Inonu University Turkey 5 69
5 Medical University of Warsaw Poland 5 97
6 Ataturk University Turkey 4 60
7 Medical University of Gdansk Poland 3 75
8 Qinghai University China 3 0

9 University of Lausanne Switzerland 3 176
10 Baskent University Turkey 2 39

Table 2 List of top 10 authors with most documents or most citations

Rank Author Country Documents Total citations Rank Author Country Citations TLS
1 Wang Wentao China 15 49 1 Bresson Hadni Solange ~ France 126 665
2 Wen Hao China 13 30 2 Wen Hao China 60 311
3 Yang Xianwei China 12 43 3 Kern P USA 57 353
4 Qiu Yiwen China 9 37 4 Vuitton Da France 40 314
5 Shen Shu China 9 38 5 Koch Sp Germany Bl 198
6 Bresson Hadni Solange ~ France 8 B85 6 Gottstein B Switzerland 26 208
7 Aji Tuerganaili China 7 27 7 Brunetti E Italy 24 170
8 Huang Bin Turkey 7 34 8 Ammann Rw Switzerland 22 195
9 Shao Ying Mei China 7 27 9 Yang Xw China 22 123
10 Mantion Ga France 6 32 10 Mcmanus Dp Australia 20 127

TLS: Total link strength.

humans” ranked second (1 = 26)[10]. Most of the top 10 co-cited articles were published in the last 20 years. The top 20
with the strongest citation burst were shown in Figure 3B, with the red bar indicating high citation frequency and the
blue bar indicating fewer citations. Supplementary Table 2 shows the references that are kept in a state of burst[11-17].

Analysis of keywords: We studied the keyword co-occurrence network diagram showing four different clusters
(Figure 4A). Cluster 1 (red) included AE, ELRA, Budd-Chiari syndrome, and inferior vena cava (IVC). Cluster 2 (green)
contained hepatectomy, echinococcus multilocularis, transplantation, and complications. Cluster 3 (blue) focused on liver
transplantation, LDLT, and cadaver donation. The above commonly used keywords showed high density in the density
view (Figure 4B), indicating that these keywords are currently popular and have great potential in the field of LT for
echinococcosis treatment. Keyword analysis was used to explore the changing trends of research topics, predict emerging
topics, and reveal potential research hotspots in this field. Recent keywords included complications, vascular re-
construction, etc. (Figure 4C). Figure 4D shows the outbreak of keywords in the field of LT for echinococcosis treatment in
the past 30 years. The figure showed that ELRA, living donor, complications, and IVC are emerging and active themes in
recent years. ELRA is the keyword with the highest frequency and the strongest outbreak intensity. We speculate on the
prognosis of ELRA and the selection of materials for vascular reconstruction in ELRA. The development of surgical
planning for ELRA may become a research hotspot in this field in the future.

DISCUSSION

To the best of our knowledge, our study is the inaugural bibliometric analysis on LT in patients with echinococcosis,
providing a comprehensive overview of the historical development and trends of various LT techniques in this context.
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A The flowchart and study design
[ Research process ]
l Database sources: SCI-E (1900-), CPCI-S (1990-), ESCI
Data collection (2015-) of the WoS Core Collection
Research Strategy: Identify the main topic focused on liver
thansplantation (LT) and echinococcosis research

Inclusion criteria:

(1) Publication type is Articles

(2) Language is English

(3) About LT and echinococcosis research
Exclusion criteria:

(1) Language is not English

(2) Other publication type

(3) Not LT for echinococcosis

Filter the articles

Identify the major countries,
institution and authors leading LT
for echinococcosis in this field

l

L8N T CUAES () —{ Analysis of references or key words
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Figure 1 Flowchart of data collection and analysis, publications and annual trends of citations. A: Flowchart of bibliometric analysis; B: Number of
articles about liver transplantation for echinococcosis per year from 1986 to 2023. LT: Liver transplantation; WoS: Web of Science.

Our analysis encompassed 85 pertinent research articles originating from 14 countries, 75 institutions, and involving 449
authors globally.

Since the initial efforts to treat end-stage hepatic AE with LT[4], approximately 300 cases have been documented
worldwide, mostly from China, France, and Turkey. The limited reporting of allotransplantation can be attributed to the
low incidence of the orphan disease[9], surgical techniques in the endemic region[9], immune rejection[18], and concerns
regarding postoperative recurrence[9]. The ELRA technique originated in France and expanded significantly in China,
driven by the high incidence of echinococcosis, particularly AE, in northwest China. Since 2011, the ELRA technique has
gained rapid global recognition and has become increasingly pivotal in the management of AE, as demonstrated by the
substantial rise in related publications and citations (Figure 1B).
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Figure 2 Analysis of cooperation status. A: Major productive countries/regions; B: The network maps showing countries/regions; C: Institutions; D: Authors
involved in the research on liver transplantation for echinococcosis.

A total of 14 countries have predominantly contributed articles to this field. Notably, China has produced the highest
volume and quality of publications, followed by France and Turkey. Since 2011, there has been a rapid increase in the
number of publications, a trend closely associated with the advent of ELRA. In this study, we concluded that Sichuan
University and Xinjiang Medical University in China were ranked first and second, respectively, in terms of publication
output. The remaining institutions in the top 10 were located in France, Turkey, Poland, and Switzerland. As tertiary
centers and World Health Organization collaborating centers, the hospitals affiliated with Sichuan and Xinjiang Medical
Universities were responsible for nearly 90% of the transplantation procedures for AE patients in China. Additionally, a
significant number of patients from other endemic regions, including the Qinghai-Tibetan Plateau, were referred to these
centers[19] . The primary focus of these institutions was on the surgical techniques and safety associated with ELRA.
Meanwhile, the University of Franche-Comté reported the first and a majority of DDLT cases. In the aspect of publication
output, Inonu University and Warsaw Medical University are ranked fourth and fifth, respectively, with their research
predominantly focusing on the surgical indications and safety of allotransplantation.

The study showed that Wang Wentao and Wen Hao have made the most significant contributions in publication
volume, while Bresson Hadni Solange articles had garnered the highest number of citations. Despite the relatively recent
experience of Chinese researchers with LT for echinococcosis treatment, China leads in the number of publications. The
field of LT for echinococcosis treatment continues to expand and holds substantial potential for future advancements,
particularly concerning ELRA. Furthermore, the findings indicated that the frequency of cooperation is insufficient from a
global standpoint. It is imperative to enhance collaboration among countries, institutions, and authors through
multicenter research initiatives, international conferences, and the exchange of expertise. Such efforts are essential to
advancing the worldwide dissemination of LT for echinococcosis treatment, ultimately benefiting a greater number of
patients in need.

To gain a deeper understanding of notable achievements within this specific field, an analysis of co-cited references
was performed. The 10 most frequently cited references in this study were clinical series published in reputable scholarly
journals, as indicated in Supplementary Table 2. In 2000, Bresson-Hadni et al[20] proposed that benzimidazole (BMZ)
treatment is generally administered to patients with unresectable parasites or recurrent AE following surgery, with LT
being necessary if deterioration persists. In 2003, Bresson-Hadni et al[21] documented five fatalities among 47 AE patients
who underwent LT, with three of these deaths potentially attributable to excessive immunosuppression and inappro-
priate BMZ treatment post-transplant. The aforementioned findings suggest that BMZ effectively inhibits both the
recurrence and progression of echinococcosis. Conversely, inappropriate application of immunosuppressive treatment
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Figure 3 Analysis of co-cited references. A: Bar diagram of co-cited reference; B: Visual analysis of references bursts.

strategies may exacerbate the progression of extrahepatic echinococcosis.

According to research findings[9], the 5-year survival rate post-allotransplantation for patients with AE is 71%, with a
recurrence-free survival rate of 58%. It is imperative to evaluate the presence of distant metastasis in these patients and to
restrict the use of immunosuppressive medications before surgery. Kern ef al[3] developed a PNM system classification
based on a cohort of 222 patients with AE. This classification functions as an internationally acknowledged standard for
disease staging and assists in identifying appropriate candidates for LT. The 2010 edition of the consensus guidelines on
the diagnosis and management of human CE and AE[10] recommended that post-LT therapy with BMZs should be
administered for a minimum duration of 2 years, with ongoing surveillance extending for at least 10 years[22]. In their
2011 study, Bresson-Hadni et al[23] reported on 5 patients with AE who underwent LT followed by postoperative
treatment with BMZs. The authors suggested that LT may serve as a viable option for patients who are unable to undergo
radical resection or who experience postoperative metastasis and recurrence during critical periods. They further
indicated that BMZ therapy could effectively manage residual disease following transplantation and mitigate the risk of
AE recurrence.

In 2015, Jianyong et al[24] documented successful outcomes without recurrence using the autologous vein for IVC
replacement in ELRA, thereby suggesting it as a valuable surgical option for advanced AE. In a 2016 study by Wen et al
[25], it was documented that 15 patients with end-stage hepatic AE underwent treatment with ELRA, resulting in a
mortality rate of 6.7% (1/15) and a major complication incidence of 20% (3/15). Additionally, another study involving 31
AE patients treated with ELRA reported a mortality rate of 6.5%, with severe infection and disease recurrence identified
as the primary causes of death[16]. In 2018, the research team led by Wen Hao documented a cohort of 69 patients with
AE who underwent ELRA. The study emphasized the meticulous adherence to surgical indications, made the
preoperative prediction of the size and quality of the future residual liver volume (RLV), and the prevention of
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Figure 4 Analysis of keywords. A: Main keywords network visualization; B: Density visualization map of keyword distribution; C: Time visualization map of
keyword distribution; D: Visual analysis of keyword bursts.

postoperative complications, including liver failure. The publication exerted a substantial influence within the academic
community, as demonstrated by its frequent citations and enduring relevance.

Our findings indicated that cadaver donation emerged as a significant research topic around 2010, with ELRA
becoming the predominant focus in the field since 2011 (Figure 4C). During the past 5 years, newly emerged research
areas, including complications and vascular reconstruction, have gained prominence as critical areas of investigation.
These results are correlated with the early implementation of DDLT and LDLT, in contrast to the relatively later
introduction of ELRA. Since 2011, a substantial body of research has emerged, broadening the scope of the previous topic.
Concurrently, the focus of research has shifted from surgical safety to the management of complications. The constrained
advancement of DDLT can be ascribed to the necessity for extended immunosuppressive therapy, a scarcity of donors,
postoperative complications, and a high recurrence rate. Key terms relevant to the current heightened interest in this area
include ELRA, complications, living donors, and the IVC (Figure 4D). Keywords for the current elevated outbreak status
included: ELRA; complications; living donors; and IVC (Figure 4D). Among them, ELRA is currently in an explosive
state, with a high intensity and longer duration of the outbreak. ELRA was first seen in the keyword overlay diagram in
2011.

In 2011, Wen Hao’s team[7] reported the first case of an operation for end-stage AE employing ELRA, indicating a
potentially innovative surgical approach for this condition, as evidenced by the successful procedure and favorable
postoperative outcome of the patient. By 2015, 4 years after the initial case, a total of 15 patients had undergone ELRA
treatment, yielding a mortality rate of 6.6% and a major complication rate of 20%[25]. The previously mentioned ground-
breaking discovery has progressively enhanced the application of ELRA in managing end-stage AE, promoted the
advancement of related scientific research, and contributed to an increase in scholarly publications in this field

Figure 1B).

( fjn 2018,)Yang X’s study on ELRA for AE involving 31 patients indicated that an RLV/standard liver volume (SLV)
ratio greater than 35% could serve as a new criterion for the surgery. However, further research is necessary due to the
limited follow-up and absence of a control group in the study[16]. The increasing utilization of ELRA techniques has led
to an increased number of individuals being accepted for ELRA procedures. A study by Aji et al[12] in 2018 documented
the successful treatment of 69 patients with end-stage AE using ELRA, with no reported cases of recurrence during the
follow-up period. The study found that the 30-day mortality rate was 7.24% (5/69), while the overall mortality rate was
11.5% (8/69).

Research conducted by Shen ef al[18] on ELRA revealed that patients undergoing this procedure exhibited a 100%
survival rate at 1-year, 3-year, and 5-year follow-up intervals. In contrast, the study reported that the overall survival
rates for patients undergoing LDLT were 100% at 1 year, 83.3% at 3 years, and 66.7% at 5 years. These findings suggest
that ELRA may represent a more advantageous treatment option. Furthermore, research indicates that an RLV/SLV ratio
of less than 40% does not adversely affect patient prognosis following ELRA. However, it is crucial that the potential
impact of postoperative hepatic vein obstruction to the residual liver[26].

The aforementioned research has demonstrated the safety and feasibility of ELRA in managing end-stage AE,
underscoring its advantages over DDLT and LDLT. Moreover, an RLV/SLV range of 35% to 40% is considered a surgical
indication for ELRA. Qiu et al[27] performed an analysis comparing the prognostic outcomes of end-stage AE between
ELRA and nonsurgical treatment modalities. Meanwhile, it also indicated a significantly higher 5-year survival rate of
82.1% in the ELRA cohort, in contrast to only 19.1% in the group receiving palliative care. These results imply that ELRA
may substantially improve survival rates for patients with end-stage AE. To date, the largest number of ELRA cases
reported originates from the authors’ institution, encompassing 114 patients with AE[28]. The most recent study
conducted by Qiu ef al[29] documented 91 patients with end-stage AE who underwent ELRA, with a complication rate of
33% (30/91).
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This study acknowledged certain limitations that needs to be addressed. Given the widespread use of English globally,
a significant number of publications on LT for echinococcosis treatment are available in English. Nonetheless, this study
may have overlooked high-quality publications in other languages. Additionally, the study exclusively utilized public-
ations from the WoSCC database, thereby excluding other databases and potentially introducing selection bias.
Furthermore, bibliometric analysis predominantly depends on the volume of publications and the total number of
citations, with the accrual of citations being a protracted process. Our findings revealed that a considerable proportion of
the highly ranked co-cited articles were published 10 years ago, indicating that these publications exert substantial
influence and may in some degree reflect the current research landscape.

CONCLUSION

Our study found that since 2011, the number of publications on LT for echinococcosis treatment has increased rapidly. At
present, the cooperation between countries or institutions around the world in this field is not close enough, and it is
necessary to further strengthen cooperation and exchange experience. The study also found that the treatment of complic-
ations after LT and the development of surgical plans based on echinococcosis and vascular anatomy are early research
hotspots. The future research trend is the treatment of vascular complications in ERLA, and vascular complications may
be related to vascular repair methods or materials.
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