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Background: Mechanically ventilated patients are at significant risk of malnutrition, a condition that not only prolongs ICU length of 
stay but also dramatically increases mortality risk. While existing studies have focused on clinical protocols, the global research 
landscape and knowledge gaps remain underexplored in terms of systematic synthesis. This study employs systematic bibliometric 
analysis to quantitatively trace publication trajectories, identify dominant research clusters, and propose evidence-based pathways for 
enhancing global research prioritization and improving clinical nutrition practices.
Methods: Studies published between January 1, 2000, and November 6, 2024, on enteral nutrition in mechanically ventilated patients 
were identified using the Web of Science platform. A comprehensive analysis of these studies was performed using VOSviewer, 
CiteSpace, and an online analysis tool(R-bibliometrix), assessing publication trends, contributions from countries/regions and institu
tions, institutional productivity, major funding agencies, journals and their co-citation networks, authors and their co-citation patterns, 
and keywords and emerging trends in the field.
Results: A total of 1164 studies were included in the analysis, which showed a general upward trend in publication volume over the 
24 years. The USA, supported by robust financial resources and well-established research institutions, ranked first in terms of 
publication count, citation number, and h-index. The top three institutions in terms of publication volume were Harvard University, 
the University of Toronto, and Queen’s University of Canada. The journals with the highest numbers of publications were the Journal 
of Parenteral and Enteral Nutrition, Critical Care Medicine, and Clinical Nutrition. The most prolific author was Dr. Daren 
K. Heyland. The top keywords were “nutrition”, “malnutrition”, and “prevalence”.
Conclusion: Research in the field of enteral nutrition for mechanically ventilated patients continues to thrive, increasing the number 
of investigations. The present bibliometric analysis provides a summary of current research frontiers and hotspots in the field, offering 
a robust reference framework for researchers investigating enteral nutrition in mechanically ventilated critically ill patients.
Keywords: bibliometrics, enteral nutrition, mechanically ventilated, citespace, VOSviewer

Introduction
With the continuous progress of medical technology, mechanical ventilation (MV) has become an important means of 
treating patients with acute and critical illnesses, and is widely used in intensive care units. Mechanical ventilation is 
currently an important intervention that involves gas exchange, respiratory work, lung injury, intrathoracic organ 
pressures, and volume environment, as well as circulatory function. It has become a key tool in the treatment of 
multiorgan dysfunction syndrome (MODS), primarily by improving oxygen delivery (DO2), protecting the lungs, and 
optimizing the internal environment. The complications arising from mechanical ventilation(MV) in critically ill patients 
present a significant challenge in modern healthcare, contributing to high morbidity and mortality rates and imposing 
considerable financial burdens on healthcare systems globally.1 Effective management of these complications is central to 
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improving outcomes. Nutritional status plays a decisive role in this process.2 Critically ill patients often suffer from acute 
malnutrition due to hypermetabolic states, inflammatory responses, and the effects of medications, which in turn weaken 
immune function, delay tissue repair, increase the risk of infection, and ultimately exacerbate the severity of mechanical 
ventilation complications.3 Therefore, nutritional support (especially enteral nutrition) is not only a basic treatment but 
also a key intervention to break the vicious cycle mentioned above—it directly targets the pathophysiological mechan
isms of complications by maintaining intestinal barrier function, regulating immune responses, and optimizing energy 
supply.4,5 However, despite the accumulation of relevant evidence, there is still no consensus on the optimal enteral 
nutrition regimen (including feeding dosage, initiation timing, and monitoring indicators) for patients receiving mechan
ical ventilation.6 This knowledge gap severely limits the effectiveness of clinical practice, and high-quality research is 
urgently needed to clarify individualized nutritional support strategies.

A team published a high-impact paper on enteral nutrition therapy in mechanically ventilated patients. Who were the 
core authors of the study? Who were their co-authors? What was the research topic they focused on? Which organiza
tions provided funding for the study? What were the key keywords used? In which journals was the paper published? 
How has this field of research evolved? Due to time and energy constraints, no one can read all the high-impact papers in 
a given field.7 Bibliometric analyses can provide a systematic summary of research hotspots, trends, and collaborative 
networks in a given field.8,9 These analyses have been widely used not only to explore enteral nutrition for MV patients 
but also to investigate a variety of other topics, such as the evolution of scientific collaboration, the impact of funding 
sources, the role of key journals and authors, and the global distribution of research outputs. By mapping these elements, 
bibliometric analysis can identify key information on enteral nutrition for MV patients, including research frontiers, core 
authors, major research institutions, and research hotspots. More importantly, it plays a critical role in highlighting 
research gaps and guiding future studies, offering a detailed and accurate overview of the field.

Bibliometric analysis is a powerful tool for synthesizing large amounts of research, especially in rapidly evolving 
fields. It helps visualize research trends, identify influential authors and institutions, and uncover emerging areas of 
study.10 However, it relies on existing data and cannot assess the quality or impact of individual studies. Compared to 
narrative reviews or meta-analyses, bibliometric analysis is more descriptive and less interpretive, making it better suited 
for understanding the structure and development of a field rather than evaluating the effectiveness of interventions.

Recent years have seen a significant increase in the number of studies on enteral nutrition in MV patients due to 
continuous advances in critical care medicine and nutritional support techniques. To date, there have been no bibliometric 
or visual analyses of research on enteral nutrition therapy for MV patients. This study fills this gap by providing 
a comprehensive review and graphical presentation of the literature from the previous 24 years using the Web of Science 
database, CiteSpace, and VOSviewer. This analysis aims to identify research hotspots, trends, and collaboration net
works, offering valuable insights and directions for future clinical research and guideline development. As the first of its 
kind in this field, this bibliometric analysis has significant theoretical and practical implications.

Materials and Methods
Literature Search and Screening
The Web of Science Core Collection (WOSCC) database, the best-known citation-based database covering a wide range 
of research categories and representing the preferred choice for bibliometric analyses,11,12 was searched for relevant 
studies. The search strategy was as follows: #1: Topic Search (TS) = (artificial respiration* or mechanical ventilation*); 
#2: TS = (enteral nutrition or tube feeding OR enteral feeding OR gastrostomy tube* OR force-feeding*); #3: #1 and #2. 
Language criteria: English only. Literature type: Articles or reviews. Retrieval: 2000 to 2024 (retrieved: November 6, 
2024). Details of the literature screening procedure are shown in Figure 1.

Visualization and Statistical Analysis
To ensure the reliability of the results, the two researchers—graduate student Sha Xie and PhD Xianfu Cai—performed 
the data extraction and literature selection independently, and any disagreement was adjudicated by independent experts 
in the field. The studies were exported in “plain text format”. The collected data were imported into Microsoft Excel, 
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VOSviewer 1.6.20, CiteSpace 6.3.R1, and online platforms. The extracted information included keywords, authors, 
institutions, journals, number of publications per year, number of citations, country/region, and co-cited literature. The 
h-index is typically used to assess the scientific impact and productivity of a researcher or country.13 The h-indices and 
reference counts were assessed using the citation reporting function in WoSCC.

Results
Publication Trends
The total number of studies on the use of enteral nutrition in MV patients published between 2000 and 2024 was 1164, 
including 988 research articles and 176 reviews. As shown in Figure 2, there was a general upward trend in the number 
of articles published since 2000. It is worth noting that the number of publications was relatively low and erratic between 
2000 and 2005, after which the numbers increased gradually after 2006 and reached a small peak around 2010. 
A significant growth phase was observed around 2015, with an even more dramatic spike in 2020. An exponential 
model was developed to quantify this trend, namely, y=0.1373x2-548.49x+547900 (R2 =0.8232), where x denotes 
the year and y denotes the number of publications per year. As shown in Figure 2, the R2 value of 0.8232 indicates 
a strong curve fit, as values above 0.8 are generally considered to represent a good model fit in statistical analysis.14

Country/Region and Institutional Contributions
Enteral nutrition in MV patients was investigated in 67 countries worldwide. Of these, the USA had the highest number 
of publications with 351 (30.15%), followed by China with 148 (12.71%), Canada with 92 (7.81%), France with 68 
(5.84%), and the United Kingdom with 55 (4.73%)(as shown in Table 1).

After the exclusion of self-citations, the USA ranked first in both citations (16,512) and h-index (66), followed by 
France, Canada, Germany, and the UK, with total citations and h-indices of 5135 and 4866, 2464 and 2276, and 3336 and 
1921, respectively (Figure 3A). Figure 3B shows a geographical distribution of the number of publications by country/ 
region, with darker colors representing more publications. Figure 3C illustrates the number of documents published by 
the corresponding authors in each country, and the distribution of single-country and multi-country collaborations among 
these publications. The USA and China led in the number of corresponding authors of publications and had a significant 

Figure 1 Literature Selection and Data Screening Flowchart.
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number of multi-country publications (MCPs). Other countries, such as Canada, France, and Japan, also had high 
numbers of both single-country publications (SCPs) and MCPs. Figure 3D shows the results of the analysis of country/ 
region publications using VOSviewer; publication numbers greater than or equal to a score of 5 were included, resulting 
in the inclusion of 39 countries/regions. The network map has 39 nodes, 6 clusters, and 487 links. The three countries 
with the highest total link strength (TLS) were the USA (TLS = 1661), Canada (TLS = 881), and China (TLS = 680), 
demonstrating their significance in the global cooperative network. The amount of international cooperation between 
2000 and 2024 was analyzed. Figure 4 illustrates the cooperative relationships between different countries, with the USA 
taking center stage in the cooperative network, followed by Canada. The UK showed its closest relationship with the 
Netherlands.

Institutional Productivity
Between 2000 and 2024, a total of 5112 institutions published papers related to enteral nutrition in MV patients. Overall, 
285 papers (24.48%) were published among the top 10 institutions. Harvard University ranked first with 47 papers 
(3.52%), followed by the University of Toronto with 34 papers (2.92%), and Queen’s University, Canada, with 28 papers 
(2.41%), as shown in Table 2. Figure 5A shows the institutional citation analysis results of publications from 127 

Figure 2 Trends in the number of publications related to enteral nutrition in mechanically ventilated patients, 2000–2024.

Table 1 Top 10 Countries in Terms of Publications on the Relevance of Enteral Nutrition in Mechanically 
Ventilated Patients

Rank Country Publications (Articles/Review Articles) Citations Citations Per Article H-Index

1 USA 351(299/52) 16,512 47.04 66

2 China 148(124/24) 1547 10.45 21
3 Canada 92(69/23) 4866 52.89 36

4 France 68(60/8) 5135 75.31 33

5 UK 55(38/17) 2276 41.38 21
6 Australia 54(40/14) 1625 30.09 21

7 Japan 54(46/8) 592 10.96 15

8 Spain 48(43/5) 1785 37.19 24
9 Germany 47(38/9) 2464 52.43 19

10 Brazil 46(39/7) 1207 26.42 16
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institutions with at least 5 publications. The analysis was performed with VOSviewer, and the resulting network contains 
126 nodes, 8 clusters, and 2412 links. As seen in the figure, the University of Toronto is located at the center of the 
network, demonstrating its importance in international research collaboration.

Top Funding Agencies
As described earlier, the economic base is key to scientific progress. Table 3 shows the top 10 funding agencies, and 
Figure 5B illustrates the number of publications in terms of funding agencies. The top three funding institutions were the 
USA Department of Health and Human Services, the National Institutes of Health (NIH), and the National Natural 
Science Foundation of China (NSF), which supported 85, 85, and 30 studies, respectively. Japan appeared four times 
among the top 10 funding organizations. The USA thus has an excellent position in the field of enteral nutrition for MV 
patients due to its well-established institutions and substantial financial support. This illustrates the importance of 
adequate financial support as it attracts more researchers and institutions into the field.

Journal and Co-Cited Journal Analysis
Information on the top 10 journals in the field of enteral nutrition in MV patients is provided in Table 4. In this study 
area, 332 articles were published in the top 10 journals from a total of 429 journals, accounting for 28.52% of the total 
number of articles published. The Journal of Parenteral and Enteral Nutrition ranked first with 70 articles (6.01%), 
followed by Critical Care Medicine with 44 articles (3.78%) and Clinical Nutrition with 38 articles (3.26%). According 
to the Journal Citation Reports (JCR) 2022, the top-ranked Journal of Parenteral and Enteral Nutrition has an impact 
factor of 3.4 and is categorized as Q2. The second-ranked Critical Care Medicine has a higher impact factor of 7.7 and is 

Figure 3 (A) Ranking of countries/regions in terms of number of publications, average number of citations, and h-index. (B) World map of the number of publications by 
country. (C) Distribution of countries in terms of corresponding authors. (D) Knowledge graph of national collaborative networks.
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categorized as Q1. The third-ranked Clinical Nutrition has a slightly lower impact factor of 6.6 but is also categorized as 
Q1. The frequency of co-citation is an important component of a journal’s impact factor, in addition to the number of 
publications.

Figure 4 Distribution of countries/regions involved in research on enteral nutrition in mechanically ventilated patients and their international cooperation.

Table 2 Top 10 Institutions in Terms of Publications on Enteral Nutrition in Mechanically Ventilated Patients

Rank Institution Number of 
Publications

Number of 
Citations

Citations Per 
Article

H-Index

1 Harvard University 47 3336 70.98 26
2 University of Toronto 34 1684 49.53 17

3 Queen’s University Canada 28 2497 89.18 21
4 University of California 27 1537 56.93 18

5 University of Ohio 27 693 25.67 14

6 Assistance Publique Hopitaux Paris (APHP) 26 2780 106.92 17
7 Boston Children’s Hospital 25 1462 58.48 17

8 Harvard Medical School 25 700 28 15

9 Institut National de la Santé et de la Recherche 
Médicale (INSERM)

24 1393 58.04 14

10 Université Paris Cité 22 1618 73.55 14
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A co-citation analysis was performed using CiteSpace to examine journal interconnections. As shown in Figure 6A 
and B, the co-citation network graph consisted of 224 nodes and 780 links, with the British Medical Journal having the 
highest centrality of 0.68, followed by the Journal of Nervous and Mental Disorders (0.63) and the Journal of 
Personality and Social Psychology (0.2).

Figure 7 shows a two-layer map of the journal categories associated with publications on enteral nutrition for MV 
patients. It can be seen that the largest and most prominent discipline in the citation field is clearly “Medicine, Medical, 
Clinical”, followed by “Health, Nursing, Medicine”. The chart reveals that papers from journals in the “Medicine, 
Medical, and Clinical” category are cited predominantly by journals classified under “Molecular, Biology, Genetics” and 
“Health, Nursing, and Medicine”, and also emphasizes the importance of interdisciplinary collaboration, especially 
between medicine and basic disciplines such as molecular biology and genetics. It is thus apparent that the study of 
enteral nutrition in MV patients is a multidisciplinary endeavor.

Figure 5 (A) VOSviewer-based network of co-citations in publications on enteral nutrition in mechanically ventilated patients. (B) Top 10 organizations in terms of funding 
for research on enteral nutrition in mechanically ventilated patients.

Table 3 Top 10 Funding Organizations for Research on Enteral Nutrition for Mechanically Ventilated Patients

Rank Funding Agencies Countries Count Percentage 
(N=1164)

H-Index

1 United States Department of Health and Human Services USA 87 7.474 38
2 National Institutes of Health (NIH), USA USA 85 7.302 38

3 National Natural Science Foundation of China (NSFC) China 30 2.577 10
4 Ministry of Education, Culture, Sports, Science and Technology, Japan (MEXT) Japan 17 1.460 9

5 NIH National Heart, Lung, and Blood Institute (NHLBI) USA 17 1.460 14

6 Nestle S.A. Switzerland 15 1.289 12
7 Grants-in-Aid for Scientific Research (KAKENHI) Japan 14 1.203 9

8 Japan Society for the Promotion of Science Japan 14 1.203 7

9 Ministry of Health, Labour and Welfare, Japan Japan 10 0.859 5
10 NIH National Institute on Aging (NIA) USA 10 0.859 7
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Author and Co-Cited Author Analysis
The number of research papers published by authors may reflect their contribution to the field. Overall, 200 researchers in 
the field have together published 846 papers. The top 10 authors with the most publications in the field are listed in 
Table 5. Daren K. Heyland leads the field with 26 publications (2.23%), followed by Nilesh M. Mehta with 13 
publications (1.12%). Stephen A. McClave and Jean Reignier are tied with 12 publications each (1.03%). The top 
authors, such as Heyland and Mehta, not only have a high number of publications but also have a high h-index (the 
h-index is a measure of a researcher’s impact, indicating that the author has at least “h” papers and each paper has been 
cited at least “h” times, indicating their continued contribution to the field).

Citation Bursts
Table 6 summarizes the 10 most cited articles on enteral nutrition in patients receiving MV, spanning the period from 
2007 to 2018. Michel Casaer of the Free University of Brussels, Belgium, published the most cited paper in 2011, with 
a total of 1068 citations.15 The second most cited paper was written by PM Andersen with 804 citations.16 The third most 
cited paper was published by TW Rice and was cited 647 times.17

Table 4 Top 10 Journals Publishing Articles in the Field of Enteral Nutrition in Mechanically Ventilated Patients

Rank Journal Number of 
Publications

Number of 
Citations

Citations Per 
Article

H-Index

1 Journal of Parenteral and Enteral 

Nutrition

70 3566 50.94 31

2 Critical Care Medicine 44 5496 124.91 36
3 Clinical Nutrition 38 2165 56.97 20

4 Nutrition in Clinical Practice 36 697 19.36 16

5 Critical Care 35 2253 64.37 23
6 Pediatric Critical Care Medicine 28 675 24.11 18

7 Clinical Nutrition ESPEN 26 185 7.12 5
8 Nutrients 21 204 9.71 9

9 Cochrane Database of Systematic 

Reviews

17 927 54.53 15

10 Journal of Critical Care 17 684 40.24 12

Figure 6 (A) Graph of journal co-citations generated using CiteSpace. (B) Top 10 journals publishing studies on enteral nutrition in mechanically ventilated patients.
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Burst detection developed by Kleinberg is recognized as a tool for identifying cutting-edge research or emerging 
research trends.9 A burst detection algorithm was used in this survey to detect important references and keywords in the 
field of enteral nutrition for MV patients. The top 25 most cited references are shown in Figure 8. In 2019, P. Singer et al 
published an article entitled “ESPEN Clinical Nutrition Guidelines for Intensive Care Units” in the journal Clinical 
Nutrition (38.93 citations). Of these 25 references, 4 are still experiencing citation bursts.

In Supplementary Materials, individual nodes correspond to specific references, and the connecting lines illustrate the 
co-citation relationships. The prominence of these links highlights the repeated pairing of references, which typically 
indicates substantial agreement on the subject matter. To elucidate these associations, a cluster analysis was performed, as 
shown in Supplementary Materials, which outlines nine major clusters found in the 1164 cited publications, including #0 
covid-19 patients, #1 nutritional support, #2 nutrient delivery, #3 initial calorie intake, #4 sick children, #5 consensus 
statements, #6 patients with brain injury, #7 failure of pediatric insulin titration test, and # 8 linolenic acid. The overall 

Figure 7 CiteSpace-generated double-figure overlay of journals publishing studies on enteral nutrition for ventilated patients, highlighting the different research topics. In the 
graph, different colors are used to represent the various disciplines. The thickness of the lines represents the strength of citations between the different disciplines, with 
thicker lines indicating stronger citation relationships and thinner lines indicating weaker citation relationships.

Table 5 Top 10 Authors with the Largest Contributions to the Field of Enteral Nutrition for Mechanically Ventilated 
Patients

Rank Author Number of Publications Number of Citations Citations Per Article H-Index

1 Heyland, Daren K 26 2428 93.38 20

2 Mehta, Nilesh M 13 1160 89.23 13
3 McClave, Stephen A 12 871 72.58 10

4 Reignier, Jean 12 1028 85.67 10

5 Pichard, Claude 9 561 62.33 7
6 Elke, Gunnar 9 561 62.33 7

7 Wen, Fur-Hsing 9 111 12.33 8

8 Day, Andrew G 9 1627 180.78 9
9 Tang, Stephanie 9 111 12.33 8

10 Singer, Pierre 8 317 39.63 6
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modularized Q value (0.7005) and the mean silhouette value (0.7919) were both greater than 0.7, demonstrating the 
reliability of the results.

Analysis of Keywords
In addition to references, keywords provide readers with insight into the research topic and methods used in the study. 
Analysis of keyword co-occurrence is often used to detect research hotspots and directions in a given field. Keywords 
with more than 20 occurrences were used to generate a web visualization graph. The visualization shown in Figure 9A 
has a total of 147 nodes and 537 links, with “enteral nutrition” at the center of the nodes, followed by “mechanical 
ventilation”. Figure 9B illustrates the distribution of keyword densities, with “enteral nutrition” being the most prominent 
term with 412 occurrences, followed by “mechanical ventilation” and “critically ill patients” with 255 and 226 
occurrences, respectively. Figure 9C shows the keyword word cloud, indicating the prominence of the terms “enteral 
nutrition”, “mechanical ventilation”, and “mortality”, highlighting their importance in the studies. The visualization is 
based on the keyword overlay analysis in VOSviewer, where nodes in purple or blue indicate earlier occurrences of 
keywords, and nodes in yellow highlight current research hotspots.

Burst Keywords
The identification of emergent keywords using CiteSpace analysis revealed a dynamic landscape of research hotspots and 
cutting-edge developments. Figure 9D shows the top 25 most cited keywords from 2000 to 2024, where the blue line 
indicates the entire period and the red line represents the cycle in which the keywords appeared. Notably, from 2021 to 
2024, three keywords experienced a significant burst: “nutrition” (intensity: 9.1859), “malnutrition” (intensity: 6.8615), 
and “epidemic” (intensity: 5.327). The results highlight a shift in the focus of research on enteral nutrition in MV 

Table 6 Top 10 Co-Cited References on Enteral Nutrition in Mechanically Ventilated Patients

Rank Title Journal Country Author Years Number of 
Citations

1 Early versus Late Parenteral Nutrition in Critically Ill Adults New England Journal of 
Medicine

Casaer, 

MP

2011 1068

2 EFNS guidelines on the Clinical Management of Amyotrophic Lateral 
Sclerosis (MALS) - revised report of an EFNS task force

European Journal of 
Neurology

Andersen, 
PM

2012 804

3 ONLINE FIRST Initial Trophic vs Full Enteral Feeding in Patients With 

Acute Lung Injury: The EDEN Randomized Trial

JAMA- Journal of the 
American Medical 

Association

Rice, TW 2012 647

4 Effect of acute renal failure requiring renal replacement therapy on 

outcome in critically ill patients

Critical Care Medicine Metnitz, 

PGH

2002 635

5 Negative impact of hypocaloric feeding and energy balance on clinical 

outcome in ICU patients

Clinical Nutrition Villet, S 2005 624

6 Early activity is feasible and safe in respiratory failure patients Critical Care Medicine Bailey, P 2007 550

7 Identifying critically ill patients who benefit the most from nutrition 

therapy: the development and initial validation of a novel risk 
assessment tool

Critical Care Heyland, 

DK

2011 488

8 Permissive Underfeeding or Standard Enteral Feeding in Critically Ill 

Adults

New England Journal of 
Medicine

Arabi, YM 2015 418

9 Enteral Omega-3 Fatty Acid, γ-Linolenic Acid, and Antioxidant 

Supplementation in Acute Lung Injury

JAMA- Journal of the 
American Medical 

Association

Rice, TW 2011 385

10 Enteral versus parenteral early nutrition in ventilated adults with 

shock: a randomized, controlled, multicentre, open-label, parallel- 

group study (NUTRIREA-2)

Lancet Reignier, J 2018 355
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patients, in which “nutrition”, “malnutrition”, and “prevalence” have become central themes, reflecting the evolution of 
priorities in the field.

Discussion
This study is the first to apply bibliometric methods to analyze research trends in the field of enteral nutrition therapy for 
mechanically ventilated patients between 2000 and 2024. Bibliometrics represents a powerful tool that enables an 
effective summary of existing bodies of knowledge and the directions of future research. With its unique strengths, it 
has become an indispensable tool for mapping the current state of research and predicting future research trajectories.18,19 

VOSviewer and CiteSpace combine the advantages of information science, the power of computer science, the precision 
of scientometrics, and the depth of applied mathematics to present a series of visual maps of knowledge domains.20,21 

After a rigorous screening process, 122 studies that did not meet the inclusion criteria were excluded from the originally 
identified publications, and the final analysis included 846 publications in 429 journals from 5112 institutions in 67 
countries or territories, as well as38482co-cited references that were eligible for analysis. Tools used in the study include 
VOSviewer, CiteSpace, and an online platform for bibliometric analysis and visualization (https://bibliometric.com/), 
which shows the distribution of countries/regions and their patterns of international cooperation.

Overall,41119papers on enteral nutrition were published between 2000 and 2024, of which 1286 focused on enteral 
nutrition associated with mechanical ventilation, representing 3.13% of the total number of papers. Supplementary 
Materials shows that the number of papers on enteral nutrition in MV patients increased steadily, with a dramatic increase 
observed after 2019. This phenomenon can be attributed to the outbreak of the COVID-19 pandemic at the end of 2019, 
which resulted in a large number of critically ill patients requiring MV, prompting the medical community to pay more 
attention to the nutritional management of these patients, and thus leading to increased research on the topic.22 In recent 
years, enteral nutrition in MV patients has received increasing attention from nutrition experts, accompanied by increases 
in research, including studies on the timing of enteral nutrition in these patients, studies on the relevance of enteral 
nutrition intolerance, and standardized procedures (SOPs) for assessing tolerance to enteral nutrition.

Figure 8 The 25 most influential references showing the strongest citation bursts.
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The leadership of the USA in the field can be seen from Table 1 and Figure 3, indicated by the country’s excellence in 
metrics such as publications, citation frequency, and the h-index, as well as highlighting the strong historical and 
infrastructural foundation of the USA. It is worth noting that the type of literature may have an impact on citation 
indicators, so differences in the composition of literature types should be taken into account when assessing research 
outputs across countries. The USA research community is characterized by an abundance of human capital and 
institutional capacity and is supported by substantial financial allocations.23,24 The fit of research priorities with pressing 
US public health issues may also have further contributed to high output by attracting targeted funding support from the 
US Department of Health and Human Services (HHS) and the National Institutes of Health (NIH) for research on 
national health priorities.25,26

Overall, the USA Department of Health and Human Services (HHS), the National Institutes of Health (NIH), and 
China’s National Natural Science Foundation of China (NSFC) were found to be the major funding entities. USA 
institutions were observed to make up the majority of the top ten publishing entities, further evidence of the unparalleled 
influence of the USA in scientific research.

At the same time, China’s research output is rising significantly, driven by economic expansion and the growing 
demand for medical innovation. Despite commendable overall performance in publication and citation metrics, China’s 
penetration of high-impact, peer-reviewed journals remains relatively low.27 While the USA and Canada are pivotal 

Figure 9 (A) Network of keyword relationships drawn using VOSviewer. (B) Visualization of keyword densities based on VOSviewer. (C) Temporal evolution of keywords 
used enteral nutrition studies, a visual overlay analysis based on VOSviewer. (D) Analysis of the top 25 keywords with the strongest citation explosions in the field of enteral 
nutrition in mechanically ventilated patients from 2000 to 2024.
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players in the field of international scientific collaboration, China’s collaborative footprint is less visible (Figure 4). This 
may be related to China’s strategy of research resource allocation and international cooperation in this field, and 
a predominant focus on regional partnerships rather than global networks. To advance biomedical research and improve 
the quality of academic contributions, it is incumbent upon China to promote institutional participation and strengthen 
global collaborative networks.

Researchers typically refer to the publication status of the journals themselves and their co-editions when selecting 
appropriate journals to submit their manuscripts. Based on the data presented in Figure 6 and Table 4, the top three 
journals in the field in terms of publications were the Journal of Parenteral and Enteral Nutrition (impact factor 
4.1,2024–2025), Critical Care Medicine (impact factor 6.0,2024–2025), and Clinical Nutrition (impact factor 7.4,2024
–2025). Research on enteral nutrition in MV patients spans multiple disciplines and offers a wide selection of journals. 
These journals do not have top impact factors as they are all specialized journals in particular fields. Since all of these 
journals are directly related to enteral nutrition, it is a natural consequence that they are at the forefront of publications in 
this field. These journals cover the fields of parenteral and enteral nutrition, critical care medicine, and clinical nutrition, 
and researchers who follow these journals are likely to gain a good understanding of the research dynamics and cutting- 
edge developments in the field of enteral nutrition for MV patients. When submitting manuscripts, researchers choose the 
most appropriate journals based on this information, thus avoiding delays in publication. In addition, the data in Figure 7 
show that literature in the field of “Molecular Biology, Genetics” is frequently cited in the field of “Medicine, Medical 
and Clinical”, reflecting the current importance of clinical and translational research. Researchers can take this into 
account when selecting research topics and submitting to journals.

Keywords in academic research not only reflect research hotspots and frontiers but also are an important tool for 
academic communication and knowledge dissemination. The strategic selection and use of keywords enable researchers 
to grasp trends in their discipline and thus enhance the impact of their research results. The most representative keywords 
found in the present study were “mechanical ventilation” and “enteral nutrition” (Figure 9). Keywords closely related to 
enteral nutrition included “nutritional support”, “protein”, “energy”, and “complications”, and these keywords were 
consistent with the findings of co-cited references. Enteral nutrition, as a core component of therapeutic strategies for MV 
patients, has long been the focus of in-depth discussion and attention by researchers in the field of critical care medicine, 
due to its significant advantages in improving the nutritional status of patients and reducing complications. Thus, as an 
important treatment for MV patients, enteral nutrition has attracted significant attention. The keyword analysis showed 
that researchers have focused on the effectiveness and safety of enteral nutrition. In addition, the emergence of keywords 
such as “individualized” and “precision” is indicative of the trend toward personalized nutritional plans based on the 
specific physiological needs of individual patients. The trajectory of keyword use showed shifts in focus from basic 
theory and animal experiments between 2010 and 2012, to clinical studies and efficacy assessments in 2012–2016, and 
individualized nutrition and precision medicine from 2016 to 2020. This trend suggests that academia is continually 
optimizing enteral nutrition protocols to more precisely meet the needs of individual patients and improve prognosis. 
Future studies are expected to further explore the potential of personalized nutritional support in improving the prognosis 
and quality of life of MV patients. In addition, the prominence of keywords such as “infection” and “diarrhea”, as shown 
in Figure 9B, suggests that while continuing to optimize personalized enteral nutrition regimens, future studies are likely 
to pay more attention to the prevention and management of potential complications, aiming for a comprehensive 
improvement in the treatment and recovery outcomes of MV patients. CiteSpace was used to analyze keywords used 
between 2000 and 2024, revealing the research hotspots and frontiers in the field of critical care medicine. Figure 9D 
shows that “hospital-acquired pneumonia” was the most explosive keyword in the 2000 to 2010 period 2000 to 2010, 
with an intensity of 15.04. During the same period, “pneumonia” and “critical care patients” also received significant 
attention. Recent outbreak keywords included “nutrition”, “malnutrition”, and “prevalence”, reflecting the importance of 
nutritional management and disease prevention. Changes in the use of these keywords are indicative of research trends 
and directions in the field of critical care medicine. As shown in Table 6, among the top ten highly cited publications, five 
were randomized controlled trials (RCTs), four were observational studies, and one was a systematic review. The RCTs 
primarily investigated comparisons between early versus late parenteral nutrition and restrictive versus standard feeding 
protocols. In contrast, the observational studies focused on energy requirement assessment, nutritional status monitoring, 
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and clinical outcome prediction. Future research should synthesize evidence from both RCTs and observational studies to 
offer clinicians more comprehensive guidance for nutritional support decisions.

The findings of this study have important implications for nursing practice, health policy development, and health 
management. As shown in Table 5, of the top 10 most contributing authors, none of the four core contributors (Singh, 
Rainier, Day, and Elk) were nurses, although all had nursing backgrounds, suggesting that there is a strong need for 
nursing staff to continue to improve their professionalism in the field of mechanical ventilation and enteral nutrition 
research. Figure 9D shows that the current core concerns in the field are enteral nutrition tolerance, feeding strategies, 
complication management, and emerging directions such as precision nutrition and individualized protocols. This 
suggests an urgent need for clinical nurses to continually update their knowledge with the latest evidence-based feeding 
techniques and complication monitoring and assessment skills to optimize nutritional support practices for mechanically 
ventilated patients. Furthermore, the information on the distribution of publications across countries/regions (Figure 3A– 
3C) and the overall publication trends (Figure 2) emphasize the critical role of this field in improving the quality of care 
for critically ill patients and reducing healthcare costs. Health policy development should emphasize balanced regional 
research capacity building and promote the dissemination of best practices. Health managers should optimize resource 
allocation based on available evidence, support relevant training programs for nurses, encourage inter-institutional 
collaboration, and establish a data-based quality monitoring system for nutritional support. Collectively, these actions 
will improve the overall effectiveness and competitiveness of institutions in the management of enteral nutrition for 
mechanically ventilated patients.

This study is the first to utilize bibliometric methods to provide insight into the current status and development of the 
field of enteral nutrition for MV patients. Two major tools, CiteSpace and VOSviewer, as well as an online platform, 
were used to analyze the data, ensuring the comprehensiveness and accuracy of the analysis. However, this study has 
some limitations. In terms of database selection, the literature was sourced from the WoSCC database, which may have 
led to the omission of other relevant studies from other databases. The language of publication was English only, which 
may have resulted in missing important articles in other languages. Future studies should further optimize the methodol
ogy to provide a more comprehensive and in-depth analysis, thus overcoming the limitations of the present study.

Conclusion
In conclusion, this study provides a bibliometric analysis of the literature related to enteral nutrition in mechanically 
ventilated patients, identifying the major contributors, research trends, and future directions in the field. These findings 
provide an important reference for subsequent research. It is expected that continued development in this field will 
improve nutritional support outcomes in critically ill patients, thereby improving clinical prognosis and quality of life.
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