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Abstract
Objectives: To identify the cooperation of authors, countries, institutions and explore the hot topics’
prospects regarding research of surgical procedure in uterine cervical neoplasms.

Methods: Publications on research of surgical treatment of uterine cervical neoplasms were retrieved
from the Web of Science Core Collection (WoSCC). Bibliometric analysis were performed by CiteSpace
software. Visualized network maps were performed to evaluate the collaborations between different
authors, countries, institutions, and keywords.

Results: A total of 1381 articles related to study were identi�ed. An increasing number of publications
were observed from 2006 to 2022, and the number of publications were over 100 in 2020 and 2021.
Gynecologic Oncology (715 times) was the most co-cited journal. Active collaborations among the top
authors were observed. Scambia G(17 papers) was the top most productive authors and Ramirez PT with
the largest numbers of citations (155 co-citations) in this �eld during the past decades. The USA was the
leading contributor in this �eld with 342papers. Active cooperation between countries and between
institutions was observed. The main hot topics in the last three years included matters related to uterine
cervical neoplasms, quality of life (QoL), guideline, and gynecologic surgical procedure.

Conclusion: This study provides a comprehensive overview of surgery in uterine cervical neoplasms,
allowing relevant authors and research teams to recognize the current research status in this �eld and
provide a reference for formulating future research directions as well.

Introduction
Cancer is one of the leading causes of death worldwide with over 17 million new cases and 8.5 million
cancer-related deaths per year1. Worldwide, cervical cancer is the fourth most common cancer among
women2. An estimated 500,000 new cases and 200,000 deaths due to cervical cancer are reported
annually3. Like many other types of malignancies, cervical cancer is a chronic complex disease caused
by a combination of inherited genetic factors and external environmental in�uences4,5. However,
determination of human to defeat cervical cancer has never changed. The technology to combat cervical
cancer is also being updated. Including precision prevention and any other treatments which including
surgery, chemotherapy, radiotherapy, immunotherapy, targeted therapy and new gene therapy. Specially,
surgical treatment is still as the primary measure for cervical cancer. The main types of surgery including
cervical conical resection, simple hysterectomy, radical hysterectomy, cervical resection, pelvic lymph
node dissection, and pelvic exenteration surgery. A research held in New Orleans indicated that minimally
invasive radical hysterectomy has a low risk of additional complications and transfusions, which can
save more live compared to open surgery6. The study further pointed out that a return to open surgery for
all patients would result in 85 additional complications, 70 additional transfusions, and only 4.75 lives
would be saved per 1,000 cases. Another fertility-sparing surgery research reported that the majority of
cervical cancer survivors desiring the operation, maintain their desire for parenthood after cancer
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treatment. For patients with early-stage disease, vaginal radical trachelectomy showed good reproductive
outcomes7. Moreover, one of the robot-assisted laparoscopic radical hysterectomy researches showed
minor sexual dysfunction , and could facilitate the preservation of posterior branches from the
hypogastric nerve which are important for arousal and orgasm8.  

Bibliometric analysis which can qualitatively and quantitatively evaluate research trends refers to use
mathematical and statistical methods to analyze all the knowledge carriers of a certain discipline9. It
plays an important role in the theoretical and practical research of information science. CiteSpace is a
web-based Java application for data analysis and visualization about literature. It is major in evaluating
co-occurrence network maps of authors, keywords, institutions, and countries 10, to help researchers
grasp development trend in speci�c research areas. 

The surgery techniques of cervical cancer have made a great progress, while there is a lack of correlated
style literature to visualize and summarize. This article is going to report the characteristics of articles
about surgery in uterine cervical neoplasms research, summarize and visualize the major achievements
in this �eld, indicating the current research direction and the main research hotspots in this �eld,
providing further guidance for the next step of research.

Methods
WoSCC database was chosen to performed online retrieval. Articles published from 2006 to 2022 were
retrieved. “Uterine Cervical Neoplasms”, “Surgical Procedures, Operative” were used as keywords for the
search. Title, authors, abstract, keywords, institution, journal, and country/region are gathered from each
article. Articles that meet the following criteria were included (1): Publication date is from 2006 to 2022;
(2) Articles were indexed in WoSCC; (3) Articles were major in surgery of uterine cervical neoplasms. The
following documents were excluded: unpublished documents, repeated articles, irrelevant meeting
abstracts, irrelevant case report, letters, irrelevant proceedings, and meta-analysis.  

Data analysis

CiteSpace 5.8.R3 developed by Professor Chaomei Chen11 was used to perform co-occurrence analysis
and visualize the collaborative networks of the authors/institutes/countries/keywords. Networks of
reference co-citation and author co-citation were also performed, and related knowledge maps were
constructed. Different colors of node and line represent different years12. Nodes with purple round
outside or centrality > 0.1 mean high centrality and are usually regarded as turning points or pivotal
points in a �eld13. We also analyzed burst keyword detection to investigate the recurrent new keywords.
The 50 most cited articles were selected to construct the individual network. The parameters of CiteSpace
were as follows: time slicing (2006–2022), 2 year per slice. Log-likelihood ratio weighting was used on
each cluster analysis. Modularity Q (Q) and Weighted Mean Silhouette (S) were used to measure the
cluster degree, Q > 0.3 indicates a signi�cant clustering structure, S > 0.5 indicates that the clustering
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results are acceptable. A timeline view visualized by CiteSpace was used to depict changes in the trends
of a �eld with time in this study.

Results
In total, 1,381 papers matched the retrieval criteria. The number of publications by year was presented in
Fig. 1, where the overall trend consistently kept gradually increasing from 2006 to 2022, and the number
of publications were �rst over 100 in 2020 and kept stable in 2021.

Analysis of co-cited journals
The journal collaboration network of surgery in uterine cervical neoplasms research was observed. The
visualized map contains 527 unique nodes, 3978 lines, and0.0287 density. Table 1 listed the top 10 cited-
journals contributing to surgery in uterine cervical neoplasms research. The top �ve most co-cited
journals were Gynecologic Oncology (715 times), International Journal of Gynecological Cancer (493
times), American Journal of Obstetrics and Gynecology (483 times), Obstetrics and Gynecology (451
times), and Cancer (348 times).

Analysis of leading countries/region and institutions
The country/region collaboration network of surgery in uterine cervical neoplasms research was observed
(Fig. 2). Table 2 presented the top 10 countries/regions contributing to the research. The visualized map
contains 96 unique nodes, 379 lines, and 0.0831 density. A close connection between the country was
found. These nodes and lines represent the relationship between countries of the collected studies,
respectively. The more published the country, the larger the node. The color and thickness of the circle in
the node indicate the citation frequency at different time periods. The USA had the largest amounts of
publications (342 papers) related to uterine cervical neoplasms research, followed by People's Republic of
China (145 papers), Italy (135 papers), Japan (115 papers), Germany (105 papers), France (96 papers),
and South Korea (70 papers).

The institution collaboration network in uterine cervical neoplasms research was also observed (Fig. 3).
The visualized map contains 316 unique nodes, 516 lines, and 0.0104 density. A close connection
between the institution was found. Five top productive institutions were Univ Texas MD Anderson Canc
Ctr (27 papers), Mem Sloan Kettering Canc Ctr (24 papers), Charles Univ Prague (20 papers), Univ
Cattolica Sacro Cuore (19 papers), and Yonsei Univ (18 papers), respectively.

Analysis of authors and co-cited authors
The author collaboration network of surgery in uterine cervical neoplasms research was performed. The
visualized map contains 386 unique nodes, 834 lines, and 0.0112 density. A close connection between
the author was found. According to Fig. 4, in terms of frequencies Scambia G (17 papers), Leblanc E (14
papers), Bogani G (11 papers), Cibula D (11 papers), Querleu D (11 papers), and Narducci F (11 papers)
had the most articles in this �eld during the past 17 years (Table 3). We also analyzed the information of
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author citation. The map contained 521 unique nodes, 3077 lines, and 0.0227 density. A close connection
between the author was found. For the co-cited author, the top �ve authors with the most citations were
Ramirez PT (155 co-citations), Querleu D (126 co-citations), Dargent D (108 co-citations), Abu-rustum NR
(108 co-citations), and Frumovitz M (96 co-citations), which re�ected they play a strongest academic
authority in this �eld.

Analysis of co-occurring keywords and timeline view
A total of 413 keywords were identi�ed and the collaboration network of surgery in uterine cervical
neoplasms research as the show in Fig. 5. The main hot keywords are cervical cancer (349), carcinoma
(288), cancer (278), surgery (248), management (177), experience (126). These words were classi�ed into
six large clusters: “pelvic exenteration,” “robotic surgery,” “cervical intraepithelial neoplasia,” “lymph node,”
“sentinel lymph node,” and “radical trachelectomy.” (Q = 0.4035, S = 0.7198), which indicated that the
cluster results are acceptable. And Fig. 6 showed the timeline view of keyword from 2006 to 2022,
keyword of each cluster evolutes from time to time, from the initial research focus on “laparotomy,
vaginal hysterectomy” to the current research of “quality of life, minimally invasive surgical procedure,
fertility-sparing surgery” research changes.

Co-cited references and burst references
We also revealed the top 10 co-cited references related to research of surgery in uterine cervical
neoplasms. Articles with citation bursts show a signi�cant increase in research interest in the �eld of
surgery in uterine cervical neoplasms research. The article (Ramirez PT 2018) was co-cited more than 50
times, three articles (Melamed A 2018; Querleu D 2008; Haugen BR 2016) were co-cited 20–50 times.
Figure 7 lists the 15 strongest references from 2006 to 2022. The �rst seven references highlight the
emerging trend of surgery in uterine cervical neoplasms research from 2006 to 2009, while the middle six
references highlight the emerging trend for 2010–2018. The last two references were those which
received great attention in 2018 and continued to 2022.

Discussions
We have made an analysis about the number of publications, countries, institutions, co-cited references
and authors researching surgery in uterine cervical neoplasms research. The results showed that
countries worldwide have paid more attention on this topic over the last 17 years. And the United States is
the center of this �eld with the most publications, academic institutions, high-impact journals, and
authors.

The analysis of high-frequency keywords and keywords with timeline view showed that the researches’
focus has changed over time. From 2006 to 2008, laparotomy, vaginal hysterectomy, abdominal
hysterectomy, positron emission tomography, pelvic lymphadenectomy, and sentinel node have been the
research hot spots. Women with Stage 1B disease traditionally require a radical abdominal hysterectomy
(RAH) and pelvic lymph node dissection. However, it carries signi�cant morbidity, particularly in terms of
large volume blood loss, bladder and bowel dysfunction. The results from a research showed women
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who diagnosed with early (stage 1 to 2A) cervical cancer underwent laparoscopically assisted radical
vaginal hysterectomy (LARVH) have less blood loss compared with those who underwent RAH. And RAH
was associated with signi�cantly shorter operation time compared with LARVH (median: 180 minutes
with LARVH versus 138 minutes with RAH, P value = 0.05)14. The advances in minimal access surgery
have made it possible to perform radical hysterectomy with the use of laparoscopy with the aim of
reducing the surgical morbidity and promoting a faster recovery15. Since 2016, the interest in the
relationship among prognostic factor, preservation, neoadjuvant chemotherapy, human papilloma virus
(HPV) infection and surgery have gradually increased, which means auxiliary methods has been put more
emphasis on. HPV infection is closely associated with cervical cancer. Vaccination has shown the
potential to reduce the risk of cervical cancer, and ultimately, making a lower cervical cancer patient
number. Some researchers believed HPV vaccines, together with a growing arsenal of HPV-based
screening tests, have the potential to radically change public health, would substantially impact on the
reduction of the world cervical cancer burden16,17. And patients’ quality of life, surgical procedure
guideline, and gynecologic surgical procedure have become the hot interests since 2019. Cervical cancer
with a �ve-year survival rate of 60%18, many cervical cancer patients are young, socially and sexually
active women whose QoL is at risk of being endangered by surgery treatment. A Romania research took
translated standardized questionnaires, namely QLQ-C30 and QLQ-CX24 to assess their QoL after radical
hysterectomy19. The questionnaires include functional scales, symptom scales, global health QoL scale
and single items assessing symptoms20. The survivors revealed a relatively good global score of QoL
(64.6, median), the symptoms scales showed a relatively low level of side effects of cancer treatment.
However, the analysis of some symptoms and sexual activity had a low score. This suggests that
researchers are increasingly concerned about the quality of life of patients after surgery. How to improve
surgical e�cacy and reduce surgical trauma are also been more valued. In the era of COVID-19, some
articles were major in gynecologic surgical considerations, indicating that it is necessary to have a pre-
operative COVID-19 testing, a triage before the gynecologic surgical procedures, and an appropriate using
of personal protective equipment (PPE) during the operation21,22.

The USA made the great contribution in this �eld with 342 publications, followed by People’s Republic of
China, Italy, Germany, Japan, France, and South Korea. A large number of studies output from these
countries may be attributed to the wide interest within this �eld in these countries’ researchers and a
stable �nancial investment. The USA and Germany nods had purple trims, which means the United
States’ articles and Germany’s had high betweenness centrality. Indicating the US and Germany had a
more concentrated research direction. A gradually increased trend in the number of publications was also
found, this may be associated with the growing economy of developing country, which lead to more
�nancial support for scholars23. The next step is to increase respect for knowledge, strengthen
government functions and increase �nancial support for scienti�c research, thereby narrowing the gap
between developing and developed countries in this �eld.

For the institutions analysis, the map contains 316 unique nodes, 516 lines, and 0.0104 density, which
means that there is closer cooperation between the various institutions. The top �ve institutions are all in
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developed country. Univ Texas MD Anderson Canc Ctr and Mem Sloan Kettering Canc Ctr are famous
organizations where locate in US, Charles Univ Prague and Univ Cattolica Sacro Cuore are in Europe and
Yonsei Univ in South Korea. Indicating that the developed countries play the most contribution in this
�eld, and the in�uence of well-known research institutions and centers continues to increase. But the
institutions' cooperation is largely con�ned to the countries where they locate in. It is therefore necessary
to strengthen cross-border cooperation among institutions between different countries and to enhance
the depth and breadth of communication.

Authors and co-cited authors analysis showed that Scambia G (17 papers), Leblanc E (14 papers), and
Bogani G (11 papers) were the authors that published the most articles. Ramirez PT (155 co-citations),
Querleu D (126 co-citations), and Dargent D (108 co-citations) were the top three co-cited authors. In one
of the studies, Scambia G updated the related technologies, he proposed the application of sentinel
lymph node (SLN) mapping with indocyanine green in cervical cancer patients undergoing open radical
hysterectomy, indicating that it has high sensitivity and negative predictive value, comparable to
minimally invasive SLN biopsy performance24. Leblanc E reported a simple laparoscopic procedure to
restore a normal vaginal length after colpohysterectomy for cervical and vaginal neoplasia25. And Bogani
G reported that laparoscopic approach resulted in a faster recovery of bladder function in comparison to
open surgery for patients. Minimally invasive surgery improved short-term outcomes of nerve-sparing
radical hysterectomy in patients with cervical cancer26.

From the perspective of co-cited journals and co-cited references, the top three most co-cited journals are
all in developed country. All of them are publications that major in topics relevant to diagnosis, and
treatment of gynecologic malignancies. Gynecologic Oncology (715 times) and American Journal of
Obstetrics and Gynecology (483 times) are in USA, International Journal of Gynecological Cancer (493
times) is in Europe. The top three most co-cited references are reported by Ramirez PT, Melamed A, and
Querleu D, respectively. Ramirez PT focused to describe survival outcomes after laparoscopic or robot-
assisted radical hysterectomy. His results showed that minimally invasive radical hysterectomy was
associated with lower rates of disease-free survival and overall survival than open abdominal radical
hysterectomy among women with early-stage cervical cancer27. And Melamed A’s research was major in
survival after minimally invasive radical hysterectomy for early-stage cervical cancer, the results indicated
that minimally invasive radical hysterectomy was associated with shorter overall survival than open
surgery among women with stage IA2 or IB1 cervical carcinoma28. Querleu D described four types of
radical hysterectomy (A-D), A: minimum resection of paracervix, B: transection of paracervix at the ureter,
C: transection of paracervix at junction with internal iliac vascular system, D: laterally extended
resection29. The research further pointed out that the classi�cation is suitable to fertility-sparing surgery,
and can be adapted to other surgery styles like open, vaginal, laparoscopic, or robotic surgery.

The articles enrolled in this study are based on WoSCC database, while some other articles only enrolled
in Pubmed, Scopus or any other databases, which may lead to a not comprehensive article enrolled in
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this study. Another shortcoming is that the results of this paper are �nished by machine algorithm, which
may have systemic bias in the program.

From 55 in 2006 to 110 in 2021, the number of publications in the �eld has been growing year by year.
The United States and Europe remain the foremost contributors to this �eld, with well-known research
centers, authoritative journals, and prestigious researchers. But the development of emerging countries
does not be ignored. More national cooperation is necessary in the future, and more cooperation results
are looked forward to.
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Tables
Table 1

The top 10 co-cited journals of surgery in uterine cervical neoplasms research
Ranking Count Centrality Journal

1st 715 0.01 Gynecologic Oncology

2nd 493 0.01 International Journal of Gynecological Cancer

3rd 483 0.02 American Journal of Obstetrics and Gynecology

4th 451 0.01 Obstetrics and Gynecology

5th 348 0 Cancer

6th 330 0.03 Annals of Surgical Oncology

7th 324 0.01 Journal of Clinical Oncology

8th 311 0.01 Annals of Surgery

9th 284 0.02 The New England Journal of Medicine

10th 281 0 Lancet
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Table 2

The top 10 countries/regions of surgery in uterine cervical
neoplasms research

Ranking Count Centrality Country/Region

1st 342 0.29 USA

2nd 145 0 People’s Republic of China

3rd 135 0.05 Italy

4th 124 0.24 Germany

5th 105 0 Japan

6th 96 0.08 France

7th 70 0.01 South Korea

8th 61 0.04 Spain

9th 46 0.08 England

10th 42 0.01 Brazil

 

 
Table 3

The top 10 most productive authors of surgery in
uterine cervical neoplasms research

Ranking Count Centrality Author

1st 17 0.01 Scambia G

2nd 14 0.01 Leblanc E

3rd 11 0 Bogani G

4th 11 0.04 Cibula D

5th 11 0.05 Querleu D

6th 11 0.01 Narducci F

7th 10 0.04 Fagotti A

8th 10 0 Ramirez PT

9th 8 0 Frumovitz M

10th 8 0.02 Raspagliesi F
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Figures

Figure 1

The number of publications from 2006 to 2022
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Figure 2

Countries in the �eld of surgery in uterine cervical neoplasms research
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Figure 3

Institutions in the �eld of surgery in uterine cervical neoplasms research
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Figure 4

Analysis of authors of surgery in uterine cervical neoplasms research

Figure 5

Analysis of co-occurring keywords of surgery in uterine cervical neoplasms research
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Figure 6

Timeline view of co-occurring keywords of surgery in uterine cervical neoplasms research

Figure 7

The top 15 strongest citation bursts references in the co-citation references network


