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Abstract

BACKGROUND

The intestinal microcirculation functions in food absorption and metabolic substance
exchanges. Accumulating evidence indicates that intestinal microcirculatory dysfunction
is a significant source of multiple gastrointestinal diseases. To date, there has not been a

scientometric analysis of intestinal microcirculatory research.

AIM

To investigate the current status, development trends, and frontiers of intestinal

microcirculatory research based on bibliometric analysis.

METHODS

VOSviewer and CiteSpace 6.1.R2 were used to identify the overall characteristics and
owledge map of intestinal microcirculatory research based on the core literature

published from 2000 to 2021 in the Web of Science database. The characteristics of each

article, country of origin, institution, journal, cocitations, and other information were

analyzed and visualized.




RESULTS

There were 1364 publications enrolled in the bibliometric analysis, exhibiting an upward
trend from 2000 to 2021 with increased participation worldwide. The United States and
Dalhousie University took the lead among countries and institutions, respectively. Shock
was the most prolific journal, and Nature Reviews Microbiology Clinical had the most
citations. The topical hotspots and frontiers in intestinal microcirculatory research were
centered on the pathological processes of functional impairment of intestinal

microvessels, diverse intestinal illnesses, and clinical treatment.

CONCLUSION
Our study highlights insights into trends of the published research on the intestinal
microcirculation and offers serviceable guidance to researchers by summarizing the

prolific areas in intestinal disease research to date.
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Core Tip: This bibliometric analysis of the research directions and important literature
related to the intestinal microcirculation over the last 22 years documents the current
status, development trends, and frontiers of intestinal microcirculatory research and

provides information that may guide future research efforts.




INTRODUCTION

The intestines function in food absorption and metabolic substance exchange.
Approximately 20%-25% of cardiac output is directed toward the digestive tract under
physiological conditions. Among them, about 60%-80% flow to the submucosal and
mucosal layersl], providing the highly metabolically active epithelial, immune with
nutrients and oxygen. Intestinal microvessels and lymph capillaries serve as an
integrated system (so-called intestinal microcirculation) providing multiple bidirectional
transport processes while defending the lumen against the threat of chemicals and
bacteria. The intestinal microcirculation regulates a variety of metabolic and
physiological processes involved in diseases such as shock, sepsisl23], gastrointestinal
diseasesl!l, and diabetes mellitus!5l.

Recent studigs have shown that intestinal microcirculatory dysfunction is
characterized by nutritive perfusion failure, inflammatory cell responses, surges in
proinflammatory mediators, and breakdown of epithelial barrier function, as well as
bacterial translocation and the development of systemic inflammatory responseslo-5l.
Notably, there is widespread consensus that ischemic injury and severe microcirculatory
dysfunction in the highly vascularized gut are significant sources of multiple organ
dysfunction and even deathl?0l. Moreover, the intestinal microcirculation behaves as an
isolated area in patients with postoperative abdominal sepsis!!ll, suggesting that the
intestinal microcirculation does not always correlate with systemic hemodynamic
variables (for example, blood pressure)l’? in gastrointestinal diseases. Therefore, it is
rational to have a comprehensive scenario that depicting the functional status of intestinal
microcirculation in discussing the specific issues. However, there have been few attempts
to systematically assess the scientific findings and current networks in this field from a
worldwide perspective.

Bibliometrics analyzes the quantitative relationships, distribution structure, and
cocitation patterns of publications using mathematical and statistical methods, revealing
the disciplinary development direction and research dynamics of related fields and

illustrating the key paths and knowledge nodes of disciplinary field evolution['3l. This




study provided abibliometric analysis of the research process and important literature
related to the intestinal microcirculation over the last 22 years to provide information for

future research on the intestinal microcirculation.

MATERIALS AND METHODS

Search strategies

The literature data for this study were retrieved from Clarivate Analytics’ Web of Science
Core Collection (WOSCC). The key topic for retrieval was TS = (intestinal
microcirculation) OR (intestinal microvascular*). The timespan was limited rom January
1, 2000, to December 31, 2021. The data were obtained within one day to avoid any
potential discrepancies due to daily updates of the database. Only English-language
original articles and reviews were selected. Consequently, a total of 1364 publications,
comprising 1192 articles and 172 reviews, were retrieved, and each literature record
included relevant information such as title, author, keywords, abstract, year,

organization, and citation. A summary of the search and selection methodology for the

study can be found in Figure 1.

Data analysis and Uiﬂﬁﬁzuﬁon

In this current study, CiteSpace 6.1.R2 (https://citespace.podia.com) was adopted to
map cooperation networks (institutions) and document cocitation clustering, and
keyword clustering. The set of parameters was as follows: the time slice was set to one
year for articles published from 2000 to 2021, and the node types were “institution”,
“reference”, and “keyword”, with a g-index k value of 25. Different parameters were set
following different node types, and the visualization map was drawn.

VOSviewer (1.6.18) (www.vosviewer.com) was used to identify and illustrate the co-
occurring countries/regions, cocitation analysis of journals and references, and analysis
of keyword co-occurrence. The screening condition and thresholds were as follows: the
counting method was set as “Full counting” with a minimum number of 5 and a

maximum of 1000 items.




RESULTS

Characteristics and trends of publications

The annual publication trend reflects the development level of intestinal microcirculatory
researchl4l. From 2000 to 2021, a total of 1364 intestinal microcirculation-related articles
met the retrieval standard. Subsequently, we illustrated the article counts per year with
a histogram. According to Figure 2, the annual number of relevant publications was
rather consistent, with a mean of 65 publications, indicating sustained attention from
2000-2021. Although articles accounted for most of the literature, there was a considerable
increase in reviews from 2019-2021, indicating a growing interest in the intestinal

microcirculation.

Contributions by countries/regions and institutions

The number of papers published by research groups according to country/region and
institution can reflect the djstribution of research forces in the field of intestinal
microcirculatﬁ research. In Table 1, the top 10 countries and institutions were ranked
based on the number of publications related to the intestinal microcirculation. With 420
publications accounting for 30.79% of the total, the United States was the top-producing
nation, followed by Germany (231, 16.94%) and China (164, 12.02%). The co-occurrence
map demonstrated that the United States attached great importance to cooperation and
worked closely with Germany, England, Canada, and other European countries (Figure
3). In addition, colleges and universities were the major sources of intestinal
microcirculatory research. Dalhousie University was identified as the most productive
scientific institution, with the most papers (41), followed by the University of Szeged (35)
and the University of Amsterdam (33). These findings highlighted useful information on

prominent research teams and established collaborative ties.

ﬂna!ysis of journals and cited journals




Table 2 lists the top 10 most prolific journals and most-cited journals. Shock (53) published
the most papers about the intestinal microcirculation, followed by the Journal of Pgthology
(37), and the World Journal of Gastroenterology (36). Nature Reviews Microbiology had the
highest number of local citations (2930 local citations) in the field, Clinical Microbiology
Reviews was the second-cited journal (1533 local citations) and the Journal of Pathology
(1520 local citations) was the third. Additionally, a dual-map overlay of journals with
four colored pathways was established to reflect the disciplinary distribution of academic
journals (Figure 4). Most clusters of citing and cited journals are located in medicine,

clinical, molecular, biology, and immunology.

Analysis of co-cited references

The landmark literature and the rapid development of this field can be clarified through
the cocitation analysis of relevant publications!!5. We then established the co-cited
reference network map (Figure 5A), and through cluster analysis, similar references were
categorized into knowledge units (Figure 5B). Additionally, the modularity value (Q
value) and the mean silhouette value (S value) were used to evaluate the effect of the
literature cocitation mapping.

With more than 5000 references cited in the last 22 years, the top 10 most cited articles
about the intestinal microcirculation are listed in Table 3. (Binion DG, 1997), which had a
citation count of 65, was the top-ranked article. (Chiu CJ, 1970), with 62 citations, and
(Ince C, 2005), with 49 citations, followed. Moreover, 9 clusters were identified for
mitochondrial respiration, sepsis, tissue oxygen tension, ischemia-reperfusion Ejury,
hemorrhagic shock, endothelium, adenosine 5-triphosphate, gut, and no-reflow. The Q
value of the clustering map was 0.9342, and the S value was 0.9579, confirming that the
structured network was well mapped and that the clustering results were effective and

reliable.

Analysis of keywords




Keywords refer to a high-level overview and refinement of the study topic and article
contentl!6l. In terms of frequency, the top 10 keywords in the intestinal microcirculatory
research from 2000 to 2021 were determined by creating a graphical map of keyword co-
occurrence (Figure 6A and Table 4). The top keywords were “expression”, “nitric oxide”,
“blood flow”, “rat”, “injury”, “microvascular endothelial cell”, “inflammatory bowel
disease”, “microcirculation”, “sepsis” and “sepsis shock”. Clustering analysis was
carried out based on the above results and the following 10 clusters were identified
(Figure 6B), which represented the key research areas. Specifically, the clusters “nitric

"

oxide”, “Shiga toxin” and “alkaline phosphatase” explored the mechanisms and
pathological basis of damage to the intestinal microcirculation; the clusters “septic shock”
and “inflammatory bowel disease” were diseases related to the intestinal
microcirculation; the cluster “intravital microscopy” represented an effective
measurement technique; and the clusters “cytokine therapy” and “negative pressure
wound therapy” involve effective and reliable countermeasures for intestinal
microcirculatory dysfunction.

Burst keywords also highlight hotspots and developing trends; hence, the detection
of keywords with the fastest increase in citations (citatign bursts) denotes the emerging
focus in dynamic domains!'”l. Our analysis revealed the top 25 keywords for the strongest
citation bursts from 2000 to 2021 (Figure 7). Among them, the highest burst strength
(10.34) was found for “multiple organ failure” since 2000, and also the longest-lasting
burst term was “endothelial growth factor” (2007-2019). From 2000 to 2005, the
mechanism tended to be more actively researched based on the main keywords
“neutrophil”, “adhesion”, “free radical”, and “platelet-activating factor”. Since 2006,
researchers have begun to investigate the potential correlation befween clinical gut
illnesses and microcirculation, with the main keywords being “ulcerative colitis”,
“Crohn's disease”, and “necrotizing enterocolitis”. In addition, the keyword for the most

recent burst was “gut microbiota” (2019), suggesting it has been in the spotlight so far.

DISCUSSION




This study performed a scientometric analysis of publications on the intestinal

microcirculation published from 2000 to 2021 using CiteSpace and VOSviewers. The
findings provided insight into recent developments in global research collaborations, the
most active journals, the core research areas, and emerging research areas.

In total, 1364 publications about the intestinal microcirculation were extracted from
WOSCC. Although the trend of annual publications from 2000 to 2021 reflected the
continued interest of scholars in intestinal microcirculatory research, in comparison to
research on the microcirculation of other tissues and organs, the annual number of papers
on the intestinal microcirculation is relatively low, which may be associated with the
technical and clinical challenges involved in the research. The United States and Germany
are thriving hubs of intestinal microcirculatory research due to increased collaborations
and strengthened citation links between several European countries, suggesting that a
strong level of collaboration promotes academic influence.

Notably, journals focusing on clinical practice and published reviews and articles on
the crucial role of the ipntestinal microcirculation in the progression of gastrointestinal
diseases. Additionally, a dual-map overlay of journals demonstrated that the research
was focused on basic and clinical medicine, thus, multidisciplinary efforts are needed to
support the development of the intestinal microcirculatory field. Co-cited references
revealed that (Binion DG, 1997), with the highest frequency of citations, was a
representative reference that laid the foundation for intestinal microcirculatory
mechanisms in inflammatory bowel disease. Other landmark publications such as (Ince
C, 2005) and (Daniel DB, 2002), outlined mechanisms of interaction between sepsis and
microcirculation. In addition, (Daniel DB, 2007) reported the results of a roundtable
organized in Amsterdam, reaching a formal consensus on the acquisition and analysis of
microcirculatory images. These references provided a solid theoretical foundation for
future research.

Based on the analysis of keywords, we sought to identify research interests and focus
related to the intestinal microcirculation. Keywords revealed by the co-occurrence map

were classified into two categories: pathophysiology-related research and clinical




disease-related research, which is also consistent with the clustering of the cocitation
references. The keywords “expression”, “blood flow”, “microvascular endothelial cell”
and “nitric oxide” were associated with the pathophysiology of the intestinal
microcirculation. Endothelial cell activation, hemorheological alterations, and altered
vasoreactivity were just a few examples of functional and structural modifications!18-201.
Additionally, pathological situations significantly disrupted the nitric oxide (NO) system,
which is essential to the autoregulatory control of microcirculatory patency and could
result in pathological flow shunting. These conspicuous keywords indicated that further
research on microcirculatory mechanisms is needed.

Previous research has revealed that intestinal microcirculatory dysfunction can
occur early in patients with shock and sepsisi?!l. Necrotizing enterocolitis and
inflammatory bowel disease are included as examples resulting from the pathologic
changes in the intestinal microcirculation(?l, Several studies have shown that
microvascular rgmodeling and angiogenesis, vasodilatation microvascular dysfunction,
and infiltration of immune cells play a role in the pathogenesis of inflammatory bowel
disease and necrotizing enterocolitis?*2°l, Additionally, the imbalance among vascular
mediators such as NO, catecholamines, and endothelin regulates neonatal intestinal
vascular resistance and may influence the pathophysiology of these gut diseases227l,
Thus, the intestinal microcirculation as a new therapeutic target offers possibilities for
treating these diseases.

Largely ignored throughout history, the intestinal microcirculation has recently been
identified as the center of various pathophysiological processes. The determinants of
oxygen delivery, tissue oxygen tension, blood flow regulation, and mitochondrial well-
being have yet to be fully understood. The origin of intestinal microcirculatory failure in
necrotizing enterocolitis and inflammatory bowel disease that is not responsive to
therapy is represented by the dysfunction of the integrated intestinal microcirculation
rather than systemic hemodynamic variables. Therefore, a new area of outcomes and the
potential for discovering novel therapeutic targets has been made possible by introducing

improved tools into clinical practice that permit the examination of integrated intestinal




microcirculation. Small-molecule drugs (melatonin!®®l, L-citrullinel?”l, heparinl®!, and
potential vasoactive Chinese traditional medicines such as Weiqi decoctionl?!l), as well as
novel therapeutic approaches such as remote ischemic conditioning[32 are recommended.
Furthermore, research that determines whether these medicines are effective at
enhancing the outcome of patients by ameliorating the intestinal microcirculation should
be investigated in the future.

However, our study also has certain limitations. First, this analysis was restricted to
English papers in the WOSCC database which may contain fewer established articles
than other databases, future research may consider embedding expanded literature
database, such as Scopus. Second, non-English literature was not included in the database
or analysis, possibly resulting in linguistic source bias. Finally, bibliometric data that
change over time might lead to a different conclusion. In an updated analysis, it will be
necessary to follow the most recent primary studies and non-English investigations

dynamically.

CONCLUSION

The intestinal microcirculation has important academic value and clinical application
prospects in health and diseases. We illustrated the global developing trends, influential
articles, thematic keywords, and research frontiers from 2000 to 2021 in this field. In
coauthorship analyses, the patterns of scientific cooperation were found across
countries /regions, institutions, and journals. Moreover, the current state and potential
future directions were detected by the reference cocitation analysis, burst references, and
keyword identification. We now have a deeper grasp of the pathophysiologic
mechanisms underlying the intestinal microcirculation, and optimal diagnosis, prognosis
assessment, and clinical therapies are the features and trends of the field.
Multidisciplinary collaborations will be critical to advancing intestinal microcirculatory

research.

ARTICLE HIGHLIGHTS




Research background

The intestinal microcirculation plays an important role in food absorption and metabolic
substance exchange. and it is beneficial to comprehensively describe the progress of
intestinal microcirculation research and provide information that may guide future

research efforts.

Research motivation
Few attempts have been made to systematically assess scientific findings and current
networks in the field of intestinal microcirculation. It is difficult to identify potential

research hotspots or emerging research frontiers.

Research objectives
To investigate the research status, development trend, and frontier dynamics of intestinal

microcirculation in the past 22 years (2000-2021).

Research methods @

Based on the core literature published in the Web of Science database from 2000-2021,
VOSviewer and CiteSpace 6.1 R2 were used to analyze and visualize the overall
characteristics, source countries, institutions, journals, and citation frequencies of

intestinal microcirculatory research.

esearch results
A total of 1364 publications were included in the bibliometric analysis, showing an
upward trend from 2000 to 2021. The United States and Dalhousie University ranked first
among all countries and institutions. Most of the publications were released in Shock,
and the most cited journal was Nature Reviews Microbiology Clinical. The topical
hotspots and frontiers of intestinal microcirculation focused on the pathological
processes of functional impairment on intestinal micro-vessels, diverse intestinal

illnesses, and clinical treatment.




Research conclusions
Our study reveals research trends in the field of intestinal microcirculation and offers
serviceable guidance to researchers by providing the prolific areas for intestinal disease

research to date.

Research perspectives

Our analysis systematically assesses the scientific findings and current networks in this
study of intestinal microcirculation from a worldwide perspective. Optimization of
diagnosis, prognostic assessment, and clinical treatment are features and trends in this
field. Multidisciplinary collaboration is essential to facilitate intestinal microcirculation

research.
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