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Introduction: Choledochal cysts (CCs), which are congenital biliary anomalies
prevalent in Asia, predominantly affect children and carry the risk of severe
complications, including malignancy. Surgical intervention, evolving from
open to minimally invasive (laparoscopic/robotic) techniques, remains the
cornerstone of management. Despite growing research, no bibliometric analysis
has mapped the global trends in CCs surgical studies. The aim of this study was
to comprehensively analyze the advances in the surgical treatment of CCs since
the 21st century and to predict future research directions.

Methods: Using the Web of Science Core Collection (2000-2024), we analyzed
1,064 publications on CCs surgery via Bibliometrix and CiteSpace. The search
terms included surgical techniques (e.g., ‘laparoscop*,” "Roux-en-Y") and
disease terms (e.g., "choledochal cyst*”). The data encompassed authorship,
citations, institutions, and keywords.

Results: Average Annual publications increased by 5.95%, peaking by 2023
(n = 93). China (n = 579) and Japan (n = 398) dominated the research output,
yet international collaboration was limited (MCP rate <10%). High-impact studies
emphasized long-term malignancy risks after Roux-en-Y anastomosis and
laparoscopic superiority over open surgery. Keyword analysis revealed shifting
foci: "management” (n = 241) and “children” (n = 204) were predominant, while
“robotic surgery” emerged post-2010. Institutions such as Monash University
and the Capital Institute of Pediatrics led productivity, with the Journal of
Pediatric Surgery being the top publisher.

Conclusion: Surging research on CCs surgery highlights evolving priorities:
bibliometrics reveal a growing focus on long-term outcomes and minimally
invasive techniques (laparoscopic/robotic). Enhanced preoperative and
postoperative management and novel diagnostic methods are critical. Global
collaboration and standardized training remain pivotal for optimizing patient
prognosis.
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Introduction

Choledochal cysts (CCs) are congenital disorders presenting as
abnormal cystic dilatation of the intrahepatic and/or extrahepatic bile
ducts (1), and can develop at all ages; however, approximately 80% of
CCs are diagnosed before the age of 10 years (1, 2). CCs are thought
to be more common in Asia than in Europe and the Americas, with
incidence rates ranging from 1:1,000 live births in Japan to 1:13,500
live births in the United States (3), and approximately four times the
incidence of CCs in females than in males in Western countries (4).
CCs can lead to several serious complications such as recurrent
cholangitis, acute pancreatitis, secondary biliary cirrhosis, and severe
malignancies (5). Surgery is considered the cornerstone of the
treatment of CCs (6), and surgical resection of the lesion and
reconstruction of the bile ducts are effective in reducing the long-term
risk of cancer, pancreatitis, and cholangitis (7).

In the early days, CCs were treated with open surgery using Roux-
en-Y hepaticojejunostomy (8). However, since the 21st century,
minimally invasive surgery using laparoscopy has been increasingly
used for CCs (9), and robot-assisted surgery has become a trend in
pediatric surgery (10), both of which have demonstrated better
intraoperative and postoperative outcomes than open surgery, and the
development of surgical modalities has been effective in decreasing
mortality rates in children with CCs (11, 12). Despite the fact that
surgical treatment is effective in treating CCs, perioperative
complications as well as complications due to poor postoperative
management remain a major threat to the health of patients (13, 14).
Postoperative follow-up and long-term monitoring have become
necessary programs for patients with CCs after surgery (15).

Bibliometrics uses mathematical and statistical methods to
quantitatively analyze information from the literature. This approach
permits the examination of quantitative and distributional patterns in
the literature, which helps to explore the patterns and characteristics
of scientific activity in depth (16). By examining publication data (e.g.,
number of articles, citations, and collaborative networks),
bibliometrics provides a clear view of the research landscape (17). This
provides an alternative perspective to traditional analytical approaches
to facilitate evidence-based decision-making in academia (18). Using
this approach, we can shed light on research patterns, evolutionary
trajectories, emerging hotspots, research frontiers, and future trends
in specific scientific fields (19, 20).

Therefore, this study presents the first bibliometric analysis of the
surgical treatment of CCs, aiming to quantitatively map the global
research landscape from 2001 to 2024, to identify seminal publications
and evolving research priorities, and to predict translational pathways
to optimize clinical practice, which in turn will identify future
international research trends in the surgical treatment of CCs.

Methods
Search strategy and data collection

All publications included in our study were obtained from the Web
of Science (WOS), of which the Web of Science Core Collection
(WoSCC) is the world’s most influential multidisciplinary indexing
database of scholarly literature, consisting of 10 sub-collections of more
than 12,000 prestigious scholarly journals, and provides the
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comprehensive data needed for bibliometric analysis, including 282 of
the most influential and highest quality scientific journals relevant to our
study. WoSCC provides comprehensive data for bibliometric analysis,
including 282 of the most influential and high-quality scientific journals
relevant to this research. The search strategy was set as follows:
(TS = (“surg*” OR “laparoscop*” OR “minimally invasive” OR “Roux-
en-Y” OR “hepaticojejunostomy” OR “biliary reconstruction” OR “cystic
excision)) AND TS = (“choledochal cyst*” OR ‘choledochal dilatation’
OR ‘congenital choledochal cyst’ OR ‘bile duct cyst*’). The search and
screening processes are described in Supplementary Figure 1. The
articles were published between January 1, 2000, and December 31, 2024.
Articles and reviews have been included in the manuscript. We chose
WoSCC as the sole data source because of its broad coverage, inclusion
of high-impact journals, and rich citation data, which are essential for
conducting high-quality bibliometric analysis. While we recognize the
potential value of other databases, such as Scopus and PubMed, our
focus on WoSCC was driven by its leadership position in pediatrics and
surgery. The use of WoSCC ensures data consistency and comparability
throughout the analysis to maintain data integrity and quality. The
specific retrieval process can be seen in Supplementary Figure 1.

Statistical analysis

Title, authors, year of publication, country/region, institution,
keywords, citations, and references were obtained from the WOS
database. The downloaded files are in plain-text format. Impact factors
(IF) were calculated using Journal Citation Reports (JCR) 2022. For
all analyses related to words, the range was selected as keyword plus,
which also addressed the subject categories used for disciplinary
analysis in the WOS. All data that met the inclusion criteria for this
study were extracted by the researcher and exported as plain text (. txt)
files. All data analyses regarding the articles were performed using the
R package bibliometrix and Citespace software version 6.2. R4 (11).

Results

Global research trends in the surgical
treatment of CCs

Table 1 provides a comprehensive overview of the analysis. A total
of 1,062 articles spanning a period of 24 years were retrieved from 2000
to 2024. These include 865 articles, 54 articles in proceedings papers,
142 reviews and 1 retracted review. The average annual growth rate of
publications was 5.95%. The number of publications has increased
from 20 in 2000 to 87 in 2024. The number of articles published each
year reflects trends in the relevant research. Since 2019, there has been
a rapid growth trend in the publication of articles on CCs surgery, with
the highest number of publications occurring in 2023 (93) (Figure 1).

Author impact and collaboration analysis

A total of 4,472 authors contributed to the study on surgery of
CCs (Table 1). The author with the highest number of publications is
Li L, with 38 publications (3.57% of the total), and an H index of 17.
DIAO M, YAMATAKA A and LANE GJ are also among the
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TABLE 1 General information of the included publications.

Description Results

Main information about data
Timespan 2000:2024
Sources (Journals, Books, etc.) 282
Documents 1,062
Annual growth rate % 6.32
Document average age 10
Average citations per doc 13.99
References 12,569
Document contents
Keywords plus (ID) 1,062
Author’s keywords (DE) 1,563
Authors
Authors 4,472
Authors of single-authored docs 12
Authors collaboration
Single-authored docs 13
Co-authors per doc 5.86
International co-authorships % 8.286
Document types
Article 865
Article; Proceedings paper 54
Review 142
Review; Retracted publication 1

researchers who participated in the top ranked number of publications.
Supplementary Table 1 shows the total number of papers, percentage
of papers, H index, G index, and country of the top ten authors in the
field of surgical research on CCs. Most of these authors were from
China and Japan, with one from the UK. In terms of citations, LI L was
the most cited author with 718 total citations (TC). In terms of author
collaborations, Li L and Yamataka A became the most collaborating
authors, but we noticed that the researchers collaborated less
internationally and mainly focused on domestic collaborations
(Supplementary Figure 2).

Journal institutional contribution analysis

In total, included in this
Supplementary Table 2 lists the top 10 journals by article production.
JOURNAL OF PEDIATRIC SURGERY from the United States was
ranked first with 99 papers, and PEDIATRIC SURGERY
INTERNATIONAL and JOURNAL OF LAPAROENDOSCOPIC and
ADVANCED SURGICAL TECHNIQUES were ranked second and
third, with 87 and 39 papers, respectively. Among these journals, only
JOURNAL OF PEDIATRIC SURGERY, SURGICAL ENDOSCOPY,
AND OTHER INTERVENTIONAL TECHNIQUES, and WORLD
JOURNAL OF SURGERY were ranked in Q1. Six publishers were
from the USA, two from Germany, and one from Switzerland. from

282 journals were study.

Italy, and one from Switzerland.
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As shown in Figure 2, JOURNAL OF PEDIATRIC SURGERY has
led to the number of publications related to CCs surgery in the 21st
century, followed by PEDIATRIC SURGERY INTERNATIONAL has
been in the second place in terms of the number of annual publications
since 2006, and the other journals have a much more homogeneous
distribution of annual publications. In terms of TC, H Index and G
Index (Figures 3-5), JOURNAL OF PEDIATRIC SURGERY,
PEDIATRIC ~ SURGERY  INTERNATIONAL, SURGICAL
ENDOSCOPY, AND OTHER INTERVENTIONAL TECHNIQUES
are all in the top three. Were in the top three positions.

Analysis of authors’ institutional
contributions

A total of 858 author institutions were involved in research related
to CCs surgery. Supplementary Figure 3 shows the top 10 institutions
in terms of article output, with MONASH UNIVERSITY leading with
44 papers. Other notable institutions include the CAPITAL
INSTITUTE OF PEDIATRICS (CIP), JUNTENDO UNIVERSITY,
and CHONGQING MEDICAL UNIVERSITY. Supplementary Figure 3
shows the top 10 institutions in terms of article output, with MONASH
UNIVERSITY leading the way with 44 articles. Supplementary Figure 4
shows the publication trend of the research institutions with the most
publications over the 21st century, with Juntendo University in first
place in terms of publications until 2012, and Monash University in
first place in terms of cumulative publications between 2012 and 2024.

Analysis of country/region contributions

As shown in Figure 6, the top five participating countries were
China (n = 579), Japan (n = 398), the United States (n = 327), India
(n = 204), and the Republic of Korea (n = 131), with a combined total
of 1,639 articles from these countries. Figure 7 lists the top 20 countries/
regions in terms of number of participating studies, with China having
the highest number of multicountry publications (MCPs) at 24. Among
the top 20 countries in terms of the number of publications, the
country with the highest MCP rate was NETHERLANDS (66.7%).

Analysis of highly cited research

The most-cited publications in the field indicate the impact of
research. Table 2 lists the 10 most-cited studies, all of which have been
cited more than 100 times. The 2001 article “Late development of bile
duct cancer in patients who had biliary-enteric drainage for benign
disease: a follow-up study of more than 1,000 patients” in ANNALS
OF SURGERY received the highest number of citations and
demonstrated the importance of close monitoring of biliary-enteric
drainage-induced chronic inflammatory changes in order to prevent
late development of biliary malignancies. The second most cited article
was “Comparison of endoscopic sphincterotomy and laparoscopic
exploration of the common bile duct” published in the British Journal
of Surgery in 2002, which demonstrated the importance of close
monitoring of biliary-intestinal drainage to prevent late development
of biliary malignancies. In response to choledocholithiasis, a common
complication of CCs, the laparoscopic exploration of the common bile
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articles published on surgery for CCs over the years.

Trends in the number of articles published on choledochal cysts (CCs) surgery research. Bar graph and line graph showing changes in the number of
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duct may be a better method of stone removal than endoscopic
sphincterotomy plus laparoscopic cholecystectomy.

Keyword analysis
As shown in Supplementary Figure 5, which illustrates the

proportion of core subject terms attributed to each institution and
country, the association and distribution of countries, institutions, and
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keywords in collaborative research on surgical treatment of CCs were
elucidated. In terms of institutions, both Monash University and the
CAPITAL INSTITUTE OF PEDIATRICS had a high level of
understanding of “children,” “hepaticojejunostomy “and “laparoscopy”
showed particular interest. In terms of countries/regions, China and
Japan significantly contributed to these hotspots. In terms of
“choledochal cyst,” “laparoscopy;” “children,” “hepaticojejunostomy”
and “laparoscopy;” China and Japan contributed significantly to these

hotspots. Hepaticojejunostomy, biliary atresia, ‘pancreaticobiliary
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maljunction, “congenital biliary dilatation,” cholangiocarcinoma,
‘choledochal cysts; palliative care Of the 10 keywords “children,”
“congenital biliary dilatation,” “cholangiocarcinoma,” “choledochal
cysts” and “pediatric,” China showed a high interest in “children,”
while Japan emphasized on “congenital biliary dilatation.” Congenital
biliary dilatation”

Figures 8, 9 show the top 10 keywords and the connections
between them. The top 10 keywords include: management, children,

excision, choledochal cyst, surgery, diagnosis, experience, resection,

Frontiers in Medicine

bile-duct, dilatation, and the most frequently used keywords are
“management” (n=241) and ‘children’ (n=204). From these
keywords and their associations, we inferred that the primary study
population was children and that the main focus of the study was on
preoperative diagnosis and the choice of procedure and management
of CCs after surgery.

Figures 10, 11 show the thematic evolution and prominence in the
21st century, with the words cancer, junction, and late complications
evidencing the early focus of research centered on complications and
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Geographic distribution of publications on the countries of the corresponding authors of global CCs surgery publications.

pathologic changes in the disease itself. Prior to 2010, empirically
based diagnosis of CCs and management of postoperative
complications of CCs became the focus of research, with the words
complications, management, diagnosis, and experience appearing
more frequently. After 2010, novel surgical approaches, such as
minimally invasive surgery, robotic surgery, and laparoscopic excision,
began to dominate the research. From around 2018, words such as
postnatal management and case reports represent the surgical

Frontiers in Medicine

management of CCs into periods such as early diagnosis and
individualized protocol treatment. The continued appearance of
words, such as long-term outcomes from 2016, proves that the
management of long-term postoperative outcomes in patients with
CCs has become a hot topic at present. Notably, the increased
frequency of open surgery in 2020 may signify the completion of
several early multicenter prospective cohort studies comparing the
efficacy of surgical procedures for CCs.
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FIGURE 7
Global geographic distribution of the corresponding authors.
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TABLE 2 The top 10 cited publications.

Publication First author Total citations

TOCCHI A, 2001, ANN SURG TOCCHI A 165 10.1097/00000658-200108000-00011
TRANTER SE, 2002, BRIT J SURG TRANTER SE 162 10.1046/j.1365-2168.2002.02291.x
SINGHAM J, 2009, CAN ] SURG SINGHAM ] 156 NA

SOARES KC, 2014, ] AM COLL SURGEONS SOARES KC 148 10.1016/j.jamcollsurg.2014.04.023
SHETH §, 2000, AM ] GASTROENTEROL SHETH S 135 NA
CAPONCELLI E, 2008, ] PEDIATR SURG CAPONCELLI E 129 10.1016/j.jpedsurg.2007.12.058
DIP F, 2019, ANN SURG DIP F 125 10.1097/SLA.0000000000003178
SOREIDE K, 2004, BRIT ] SURG SOREIDE K 119 10.1002/bjs.4815
VERKADE HJ, 2016, ] HEPATOL VERKADE H]J 117 10.1016/j.jhep.2016.04.032
FUNABIKI T, 2009, LANGENBECK ARCH SURG FUNABIKI T 115 10.1007/500423-008-0336-0

Discussion

Since the beginning of the 21st century, the interest of researchers
in the surgical treatment of CCs has continued to increase. In
particular, since the beginning of 2019, there has been a significant
increase in research results in this field, which may be attributed to the
rise in interest in cholestatic diseases in children, of which CCs are an
important component (21). Consequently, research organizations have
increased their support for research on CCs, and research funding has
been increasing, contributing to the rapid development of this field.

The prevalence of CCs in Asia is among the highest in the world,
and China and Japan represent this (22-24). This explains why China
and Japan have participated in the largest number of studies related to
the surgical treatment of CCs, and four of the top five countries in
terms of the number of participating studies are located in Asia. The
most involved author was LI L (Long Li) from the Capital Institute of
Pediatrics, China, whose research focused mainly on laparoscopic and
robotic surgery for CCs and its complications (11, 25, 26), exploring
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the advantages of laparoscopic and robotic use for CCs surgery,
especially in total cyst excision of choledochal cysts and Roux-en-Y
hepatoenterostomy (27, 28). These studies provide strong evidence and
support for the use of laparoscopic and robotic surgery for CCs. Also
the country with the highest number of MCPs. However, we should
also note that the top five countries have low MCP rates and that inter-
author collaborations are basically within the country, which illustrates
the limited international collaborations in CCs and the potential to
improve research competitiveness through  cross-national
collaborations, highlighting the need for broader international inter-
institutional collaborations. The increased risk of cholangiocarcinoma
after Roux-en-Y anastomosis requires multinational cohorts to
establish evidence-based surveillance programs (29). Differences in
robotic surgery adoption rates between high-and low-income regions
call for increased international collaboration in sharing technical
training frameworks for global public health building. Regional genetic
differences in the pathogenesis of CCs call for studies in diverse

populations to develop precision prevention strategies.
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Highly cited publications provide valuable insights into influential
research. The most cited article published in ANNALS OF SURGERY
“Late development of bile duct cancer in patients who had biliary-
enteric drainage for benign disease: a follow-up study of more than
1,000 patients” demonstrated a link between biliary-enteric
anastomosis and the development of biliary malignancies and revealed
that the Roux-en-Y technique is expected to produce a lower incidence
of cholangitis (29). These studies emphasize the need for proper

Frontiers in Medicine

surgical selection for the management of postoperative complications.
The second most cited article titled Comparison of endoscopic
sphincterotomy and laparoscopic exploration of the common bile duct
compared endoscopic sphincterotomy and laparoscopic exploration of
the common bile duct (29).

and laparoscopic exploration for bile duct stone removal,
demonstrating the advantages of laparoscopic surgery in terms of
reducing complications and providing support for the early use of
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laparoscopy in biliary surgery (30). The use of novel surgical
approaches is necessary in the surgical treatment of CCs, while
surgeons should not ignore the presence of complications when
dealing with patients with CCs and should individualize the diagnosis
and treatment for the conditions present in different patients in order
to reduce postoperative recurrence and complications.

The keyword analysis highlights the main research trends in the
surgical management of CCs. The most frequent word “management”
proves that CCs surgical research in the 21st century has focused on
preoperative and postoperative course management. The most
frequent words “resection,” “excision” and “surgery” illustrate that the
surgical resection protocol for CCs represented by the Roux-en-Y
hepaticojejunostomy for cyst removal is the most popular one in the
21st century. Roux-en-Y hepaticojejunostomy for cysts is the primary
surgical resection option for CCs. Therefore, the management of
complications after resection of CCs is an important area of research,
and the development of biliary tract cancer after resection of CCs is
mainly observed in patients with type I and type IV cysts (31).
Although the surgical removal of CCs reduces the risk of developing
biliary tract cancer (32), the risk of malignancy does not return to
baseline population levels (33). Secondary postoperative cholangitis
and bacterial infection are risk factors for poor prognosis and even
cancer development (34). Therefore, the prevention of infection and
intraoperative attention to pancreaticobiliary injuries are important
aspects of management (35). The high frequency of the word
“children” indicates that although CCs are diagnosed in all age groups,
surgery in childhood is still predominantly performed (36). The term
“diagnosis” illustrates the great significance of preoperative diagnosis,
and early differentiation of CCs from other biliary disorders such as
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biliary atresia by prenatal ultrasound and MMP7 monitoring is the
focus of clinical research (21). “Dilatation,” on the other hand, is
indicative of the attention paid to the morphological aspects of
pathological changes in CCs, and the different pathologic and
structural alterations caused by the numerous subtypes of CCs pose a
challenge for definitive diagnosis and surgical procedures to
be performed (37, 38). The evolution of keywords over time also
shows that the research on CCs in the 21st century has developed a
“structure-surgery-management” model. The focus of researchers is
no longer limited to the disease and the procedure itself but is more
focused on the long-term prognosis of the patient, reducing the cost
of patient care and readmission rates (39).

The most common surgical approaches for CCs are cystectomy
and Roux-en-Y hepaticojejunostomy, particularly for type I CCs. The
traditional approach is open surgery, which is associated with
complications such as high trauma, intraoperative bleeding, and
pancreaticobiliary injury (40, 41). Farello et al. were the first to
describe cystectomy and Roux-en-Y hepaticojejunostomy using
laparoscopy in a 6-year-old child with type I choledochal cyst in 1995
(42). This has marked the official use of laparoscopy for CCs.
Compared with conventional open surgery, laparoscopic resection is
associated with less surgical blood loss, shorter recovery time for
bowel function, shorter time to tolerate diet, shorter hospitalization,
and shorter time to require parenteral nutrition (43). Crucially,
laparoscopy significantly reduces short-term postoperative
complications of CCs and long-term complications, including
strictures, cholangitis, cirrhosis, and malignancy, most notably type
III CCs (11, 44). However, previous analyses have shown that
laparoscopic resection is more technically demanding and surgeon
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experience is critical for good outcomes in pediatric laparoscopic
biliary surgery (45, 46). Meanwhile, studies on long-term
complications after laparoscopic surgery still remain single-center
studies (47), so the management of long-term complications and
comparative studies of long-term complications between novel
surgical approaches and open surgery, especially large multicenter
studies, remain the focus of future surgical research in CCs.

With the development of minimally invasive technologies, robot-
assisted surgery, represented by the da Vinci robotic surgical system,
has enabled surgeons to perform a wide range of procedures (48). The
first case of robotic surgery in a child was reported in 2001 (49). After
the first da Vinci robotic surgical system-assisted excision of CCs was
performed in the United States by Woo et al. in 2006, robot-assisted
excision of CCs has been reported worldwide (50, 51). The population
undergoing surgery has also gradually expanded from older children
and adolescents to neonates (10). Current studies have demonstrated
that robotic-assisted CCs surgery significantly shortens the duration
of the procedure, and at the same time, due to visibility and
simplification in terms of maneuvering, it will be easier for the surgeon
to complete the operation and improve the surgical conversion rate
(12, 45). Previous studies have shown that robotic Roux-en-Y gastric
bypass surgery has a significantly lower incidence of anastomotic
stricture than laparoscopic surgery (52), and is also superior to
laparoscopic surgery in terms of early complications and short-term
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outcomes of choledochal cyst resection and hepaticojejunal
anastomosis in children (53). However, robotic-assisted surgery also
faces the problems of higher surgical costs, high maintenance costs,
and unfamiliarity of beginners with the strength of the robotic arm
system, which may lead to poor outcomes, such as implant breakage
(45). Strong clinical training and education in robot-assisted surgery,
as well as reducing the cost of robot-assisted surgery through
upgrading, is the future of pediatric surgery (10). Meanwhile, similar
to laparoscopic surgery, there are still insufficient studies on the long-
term postoperative outcomes of robot-assisted CCs surgery, which
will be the direction of robot-assisted CCs surgery research in
the future.

Preoperative diagnosis is a key aspect of CC surgery. Owing to the
non-specificity of the clinical manifestations of CCs, imaging tools
have been used as the main methods to diagnose CCs (54). Early
endoscopic retrograde cholangiopancreatography (ERCP) is
considered the most accurate diagnostic tool to characterize the
different types of choledochal cysts and to detect associated ductal
anomalies (55). In 2005, Do Hyun Park et al. proposed that magnetic
resonance cholangiopancreatography (MRCP), instead of ERCP,
would become the gold standard for the diagnosis of CCs, which can
describe the anatomical structure of cysts in detail with-90-100%
sensitivity and 90% specificity (56). It can characterize the anatomical
structure of cysts in detail with 90-100% sensitivity and 90%
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specificity, thus determining the staging of CCs to specify the type of
operation (56). With the rapid development of AI technology,
Al-enabled quantitative MRCP (MRCP+) has emerged as a new
diagnostic tool for biliary diseases (57). MRCP+ can process 3D
MRCP acquisitions with Al-driven pathfinding algorithms and renal
tubule enhancement to derive quantitative parametric models of the
biliary tree and pancreatic ducts (58), which provides quantitative
surgical indications for biliary diseases. The application of MRCP+ to
the preoperative diagnosis of CCs will change the subjective nature of
the current surgical indications for CCs. The combination of multi-
omics analysis techniques with artificial intelligence technology will
help in the development and refinement of surgical plans (59).
Prenatal diagnosis is also an important part of preoperative
management of CCs. Diao et al. reported in their randomized
controlled trial that patients with prenatal diagnosis and early surgical
resection of the cysts had a lower risk of liver fibrosis over time (60).
Aggressive prenatal diagnosis for early detection of the disease would
positively impact the preoperative management of CCs, as well as
surgical outcomes.

In terms of long-term prognosis after surgery, annual repeat
ultrasound and Cal9.9 are recommended for lifelong follow-up
because of the risk of anastomotic stenosis, cholangitis, intrahepatic
stone formation, and a higher risk of malignant cancers after resection
of CCs than in the normal population (54). The classification of CCs
into different subtypes, whether open or laparoscopic, should
be enhanced, and the Todani classification is essential to guide
treatment (61). Implementing precise and individualized prognostic
protocols for different individual patients with different intraoperative
conditions is a trend in prognostic management (2).

This analysis provides actionable insights for optimizing the
treatment of choledochal cysts. Given the advantages of laparoscopic
total cystectomy in reducing perioperative morbidity and long-term
complications, surgeons should consider it as the treatment of choice
for type I/IV cysts, especially in the pediatric population (11, 43, 44).
Robotic-assisted techniques should be considered for complex
reconstructions or neonatal cases when institutional resources allow,
and cost constraints should be addressed through structured training
programs while recognizing their technical advantages (10, 12, 45, 53).
Preoperative evaluation must include MRCP as a diagnostic
cornerstone for anatomical characterization and Todani classification
(56), and prenatal diagnosis requires early postnatal intervention to
reduce the risk of liver fibrosis (21, 25, 60). Postoperative protocols
require lifelong surveillance through annual ultrasound and CA19-9
monitoring to reduce the likelihood of malignancy (33, 54), as well as
meticulous intraoperative techniques to prevent pancreaticobiliary
duct injury and infection (34, 35). Finally, the establishment of
multinational registries to track longitudinal outcomes of minimally
invasive approaches would close current evidence gaps and
standardize management paradigms (47).

This study is the first to use bibliometric methods to investigate
the development and prospects of surgery for CCs. However, this
study had some methodological limitations. First, reliance on the
Web of Science Core Collection as the sole source of data may create
a systematic bias in mapping the research landscape, as it excludes
publications from emerging journals and regional databases. Second,
assessment frameworks centered on citation frequency and
publication volume may not adequately reflect scholarly innovation
because of journal prestige and disciplinary publishing preferences.
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In addition, inherent limitations of the bibliometric approach
remain, including the inability to contextualize citation motivations,
the reduced visibility of non-English literature, and unaddressed self-
citation bias. Finally, while the analysis uses the most recent
available data, the rapid development of driving technologies in the
Al era requires continuous data update mechanisms and the
integration of technology foresight methods to address time
constraints and capture dynamically evolving research frontiers and
application scenarios.

Conclusion

The bibliometric analysis suggests that surgical research on CCs
is accelerating due to increasing clinical interest in long-term
outcomes and new technologies (laparoscopic/robotic). Immediate
priorities include improving preoperative diagnosis and
postoperative complication management. These evolving trends
provide strategic direction for researchers and clinicians to optimize

prognostic pathways.
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