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Background: Gastrointestinal (GI) endoscopy becomes more and more common now in order to diagnose and treat GI diseases, and 
anesthesia/sedation plays an important role. We aim to discuss the developmental trends and evaluate the research hotspots using 
bibliometric methods for GI endoscopy anesthesia/sedation in the past two decades.
Methods: The original and review articles published from 2001 to December 2022 related to GI endoscopy anesthesia/sedation were 
extracted from the Web of Science database. Four different softwares (CiteSpace, VOSviewer, and Bibliometrix, Online Analysis 
Platform of Literature Metrology (Bibliometric)) were used for this comprehensive analysis.
Results: According to our retrieval strategy, we found a total of 3154 related literatures. Original research articles were 2855, and 
reviews were 299. There has been a substantial increase in the research on GI endoscopy anesthesia/sedation in recent 22 years. These 
publications have been cited 66,418 times, with a mean of 21.04 citations per publication. The US maintained a leading position in 
global research, with the largest number of publications (29.94%), and China ranked second (19.92%). Keyword burst and concurrence 
showed that conscious sedation, colonoscopy and midazolam were the most frequently occurring keywords.
Conclusion: Our research found that GI endoscopy anesthesia/sedation was in a period of rapid development and demonstrated the 
improvement of medical instruments and surgical options that had significantly contributed to the field of GI endoscopy anesthesia/ 
sedation. The US dominates this field, and the selection and dosage of sedative regimens have always been the foci of disease research 
to improve comfort and safety, while adverse events and risks arouse attention gradually. In the past 20 years, hotspots mainly focus on 
upper gastrointestinal endoscopy, gastroscopy, and esophagogastroduodenoscopy. These data would provide future directions for 
clinicians and researchers regarding GI endoscopy anesthesia/sedation.
Keywords: gastrointestinal endoscopy anesthesia, sedation, bibliometric analysis, CiteSpace, VOSviewer

Introduction
Gastroscopy and colonoscopy are the principal means for examining, diagnosing, and treating upper and lower GI 
diseases and conditions involving the esophagus.1,2 GI endoscopy procedure is invasive, and patients often do not 
cooperate or even refuse GI endoscopy because of the pain caused by the procedure and the psychological fear of the 
procedure itself, just like the bronchoscopy.3,4 However, the application of anesthesia or sedatives can significantly 
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reduce the pain and tension of patients and promote the spread of painless gastrointestinal endoscopy. Therefore, 
anesthesia or sedation is also essential for diagnosing and treating GI diseases during endoscopy.5

Qin et al6 have ever made a bibliometric analysis of endoscopic sedation research from 2001 to 2020, but they mainly 
focused on sedative drugs, complications and endoscopy quality control in endoscopic sedation. Although moderate and 
deep sedation is quite widely applied in GI endoscopy procedures, general anesthesia is usually applied in those patients 
who have high risks, like aspiration pneumonia, severe obesity, which would be much safer. With increasing GI 
endoscopic procedures, sedation alone is no longer sufficient for GI endoscopy needs.

In this study, we used bibliometric methods to analyze the trends, hotspots and relationships of research on GI 
endoscopy anesthesia/sedation, aiming to supply more updated and extensive information to clinical physicians and 
researchers.

Materials and Methods
Data Sources
In this study, the original data were downloaded from the SCI-expanded database in the Web of Science Core Collection 
on 31 December 2022. The search was finished on the same day to eliminate any bias caused by the database update. The 
search strategies used in this study were as follows: [TS=(gastroscopic OR gastroscopy OR gastroscopies OR colono-
scopy OR colonoscopies OR colonoscopic OR (upper endoscopy) OR (lower endoscopy) OR (endoscopic mucosal 
resection) or EMR OR (endoscopic submucosal dissection) OR ESD OR ERCP OR (endoscopic retrograde cholangio-
pancreatography)) AND TS=((general anesthesia) OR (general anaesthesia) OR (general anesthesi*) OR (general 
anaesthesi*) OR ((“Conscious Sedation”) OR (“minimal Sedation”) OR (anxiolysis) OR (“Sedation, Moderate”) OR 
(“Moderate Sedation”) OR (“Sedation, Conscious”) OR (“Sedation, deep”) OR (“Painless”) OR (sedation) OR (sedative) 
OR (sedated)))]. The detailed search strategy is shown in Figure 1.

Data Collection
Raw data were initially extracted from the Web of Science SCI-expanded database. Two authors (YX and HY) 
independently searched information online and set the primary database, including countries, institutions, journals, 
authors, H-index, etc., and reached a consensus after making comparisons.

Figure 1 Flow chart of literature filtering.
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Statistical Analysis
Microsoft Excel 2019 and Online Analysis Platform of Bibliometrics (http://bibliometric.com/) were used to analyze the 
article counts, the total number of citations, the average number of citations, countries, institutions, journal sources, 
H-index, and impact factor (IF).

Furthermore, VOSviewer (1.6.18) for identifying countries, institutions and keywords, and building related visual 
networks and adding different graphical representations in bibliometric maps by displaying large bibliometric maps. 
What’s more, we also used CiteSpace (6.1.R3) to connect different features for bursts of keywords and references, and 
then deeply analyzed the trends and main ideas. R (Version 4.2.0) is the language and environment for statistical 
computing and graphics. The Bibliometrix package in R was used to illustrate further the changes in the annual 
document.7

Results
The Searched Results of GI Endoscopy Anesthesia/Sedation Related Literatures
A total of 3154 publications were extracted from the Web of Science. Based on the inclusion criteria, all the publications 
related to GI endoscopy anesthesia/sedation were extracted from the Web of Science. The total number of citations was 
66,418 (48,257 without self-citation), and the average citing frequency was 21.06 times per article. The H-index of all the 
publications related to GI endoscopy anesthesia was 98.

The Annual Trends of GI Endoscopy Anesthesia/Sedation-Related Publications
The number of research articles on GI endoscopy anesthesia trended upward from 2001 to 2022 (Figure 2A). From 2001 
to 2016, the annual number of publications increased gradually, and in 2016 the number of articles published each year 
reached the peak because during this period, professional theories in this field developed rapidly. The annual number of 
publications increased from 64 in 2001 to 217 in 2022, demonstrating that GI endoscopy anesthesia/sedation had 
attracted growing attention and interests among global researchers as time flew.

The Contributions of Countries and Institutions to Global Publications
In the past 20 years, the United States has made the most significant contribution to the study of GI endoscopy 
anesthesia/sedation, followed by China, Japan, Germany, etc. (Figure 2B).

The analysis of international cooperation shows that the United States cooperated frequently with other countries. 
Although China ranked second in the number of articles published, it had less cooperation with other countries compared 
with other countries (Figure 3A). In terms of research institutions, the top 10 were (Table 1) Mayo Clin (83), Yonsei Univ 
(76), Univ Calif Los Angeles (42), Cleveland Clin Fdn (41), Tech Univ Munich (41), Harvard Univ (41), Chinese Univ 
Hong Kong (40), Indiana Univ (39), Cleveland Clin (39), Univ Toronto (39). The network density of GI endoscopy 
anesthesia/sedation research was only 0.0052 (Figure 3B), meaning that the research teams were relatively dispersed in 
several institutions and do not cooperate closely enough.

Journals Publishing Researches on GI Endoscopy Anesthesia/Sedation
In these 20 years, 654 journals have published in the field of GI endoscopy anesthesia/sedation. Of the 3154 articles on GI 
endoscopy anesthesia/sedation we studied, the top 10 journals published 955 (30.28%) (Table 2). In terms of the number of 
publications, the top 3 journals are GASTROINTESTINAL ENDOSCOPY (IF = 10.396), ENDOSCOPY (IF = 9.776) and 
WORLD JOURNAL OF GASTROENTEROLOGY (IF = 5.374). According to JCR of 2022, the 3 journals belong to Q1/Q2.

The Contributions of Authors to GI Endoscopy Anesthesia/Sedation Research
The top 10 authors (the number of literatures published) are listed in Table 3. Among those, Leung, Felix W, from West 
Los Angeles and Sepulveda Veterans Administration Hospital Center, UCLA School of Medicine, ranked first. Those 
show that Leung, Felix W has made outstanding achievements in GI endoscopy anesthesia/sedation research and his 
achievements not only focus on animal experiments but also include clinical studies, like randomized controlled studies. 
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Figure 4 shows clusters of authors that collaborated. For example, Cohen lb collaborated closely with Drake lm and 
Heuss, lt, and dumonceau, jm collaborated closely with Nishizawa, t.

Top Cited Papers on GI Endoscopy Anesthesia/Sedation
In order to analyze the most influential papers in this field from 2001 to December 2022, we shortlisted the top 10 
publications with the most citations. We listed them in Table 4 regarding the title, first author, journal, publication year, 
total citation, JCR and IF. The work of Rajkomar et al ranked first with the highest citation number (915). This paper, 
published on The New England Journal of Medicine, mainly focused on machine-learning models to assist diagnosis of 
diseases.8 The paper “Inflammatory bowel disease in children and adolescents: Recommendations for diagnosis - The 
Porto criteria”, ranked second, which talked about the workup and criteria used for diagnosis of IBD patients before 20.9 

The paper by Bowles et al, “A prospective study of colonoscopy practice in the UK today: are we adequately prepared 
for national colorectal cancer screening tomorrow?”, ranked third.10

What’s more, we analyzed the most influential papers from 2021 to 2022 December in Table 5; considering the time 
issue, all articles were published in 2021, and the top 3 most cited papers mainly focused on remimazolam or clinical 
trials, different from hot keywords including IBD and machine learning models before.

Analysis of Keywords
In Figure 5A, a blue line is used to mark the timeline. The red segment on top of the blue line represents burst detections 
by showing the burst’s start year, end year, and duration. We intended to find keywords with research significance to 

Figure 2 (A) The number of annual publications. (B) Growth trends of the top 10 countries (Conducted by online analysis platform of Bibliometrics).
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Figure 3 The distribution of countries/regions and institutions. Cooperative relations among countries/regions. (A) (The area represents the number of articles, and the 
connection represents the cooperative relationship. Conducted by online analysis platform of Bibliometrics) and institutions (B). [Conducted by CiteSpace (version 5.7.R3, 
Drexel University)].
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reflect the evolutionary trend of this field. “Upper gastrointestinal endoscopy” showed the most robust burst strength, 
followed by “gastroscopy”, “esophagogastroduodenoscopy”, and “registered nurse”.

As shown in Figure 5B, conscious sedation, colonoscopy and midazolam were the most frequently occurring 
keywords and were divided into two clusters. The first one (blue circles) was mainly about applying sedative medicines 
and analgesics in GI endoscopy anesthesia/sedation research. The second cluster (red circles), was mainly about the risks, 
meta-analysis, and randomized controlled trial in the examination and treatment of various digestive diseases.

Table 1 The Top 10 Countries/Regions and Institutions Contributing to Publications in GI Endoscopy Anesthesia Research (Sorted by 
Count)

Rank Country Article 
Counts

ACI Percentage Institutions Article 
Counts

Total 
Number of 
Citation

Average 
Number of 
Citations

1 USA 720 32.36 29.94% Mayo Clin 83 344 4.14

2 China 479 10.12 19.92% Yonsei Univ 76 416 5.47

3 Japan 247 19.82 10.27% Univ Calif Los Angeles 42 543 12.93

4 Germany 208 21.61 8.65% Cleveland Clin Fdn 41 1473 35.93

5 Korea 179 10.65 7.44% Tech Univ Munich 41 408 9.95

6 Italy 157 27.67 6.53% Harvard Univ 41 328 8

7 United Kingdom 144 36.69 5.99% Chinese Univ Hong Kong 40 264 6.6

8 Turkey 109 8.96 4.53% Indiana Univ 39 1313 33.67

9 Spain 84 13.92 3.49% Cleveland Clin 39 436 11.18

10 Australia 78 17.24 3.24% Univ Toronto 39 215 5.51

Abbreviation: ACI, average citation per item.

Table 2 The Top 10 Most Active Journals Published Articles in GI Endoscopy Anesthesia Research (Sorted by Count)

Rank Journal Title Article 
Counts

Percentage Total 
Number of 
Citation

Average 
Number of 
Citations

IF JCR H-Index

1 Gastrointestinal Endoscopy 235 25.60% 4125 17.63 10.396 Q1 188

2 Endoscopy 143 15.58% 2013 14.08 9.776 Q1 129

3 World Journal of Gastroenterology 102 11.11% 1763 27.55 5.374 Q2 129

4 Digestive Diseases and Sciences 91 9.91% 628 18.47 3.487 Q3 113

5 Surgical Endoscopy and Other Interventional 

Techniques

81 8.82% 589 53.55 3.453 Q2 141

6 World Journal of Gastroenterology 102 7.08% 569 5.58 5.374 Q2 129

7 American Journal of Gastroenterology 64 6.97% 510 5.73 12.045 Q1 234

8 Scandinavian Journal of Gastroenterology 53 5.77% 330 14.35 3.027 Q4 105

9 European Journal of Gastroenterology & 

Hepatology

42 4.58% 321 6.17 2.586 Q4 95

10 Journal of Gastroenterology and Hepatology 42 4.58% 321 9.73 4.369 Q2 117
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References with the Strongest Citation Bursts
We conducted CiteSpace to investigate citation burstness, which indicated references that attracted a surge of citations 
from scholars in a specific period of time. Figure 6 displays the top 10 most cited references, with the minimum duration 
of an outbreak set at 2 years, and the red line segments represented the beginning and last years of the duration of an 
outbreak associated with academia for a particular period.

Among the top 10 references, the strongest burstiness (n = 15.86) was caused by the paper, “Propofol versus 
midazolam/meperidine for outpatient colonoscopy: administration by nurses supervised by endoscopists”, authored by 
Sipe et al with citation burstiness from 2003 to 2008.11 This was followed by the paper, “Changing patterns of sedation 
and monitoring practice during endoscopy: results of a nationwide survey in Switzerland” published in the journal 

Table 3 The Top 10 Most Productive Authors and Corresponding Authors Contributed to Publications in 
GI Endoscopy Anesthesia Research

Rank Author Article 
Counts

Total 
Citations

Average 
Number of 
Citations

Corresponding 
Author 
Number

Corresponding 
Article Citation 
Counts

1 Leung, FW 36 469 13.03 19 250

2 Vargo, JJ 35 1295 37 20 784

3 Rex, DK 32 1325 41.41 22 1038

4 Wehrmann, T 25 556 22.24 10 165

5 Riphaus, A 24 611 25.46 13 319

6 Hoff, G 22 290 13.18 4 55

7 Kim, JH 22 68 3.09 3 13

8 Bretthauer, M 21 274 13.05 3 121

9 Hsieh, YH 18 124 6.89 10 82

10 Lee, SK 17 166 9.76 6 78

Figure 4 Cooperation map of authors in the studies of GI endoscopy anesthesia/sedation. Different colors represent different institutions that cooperate closely, the size of 
the circle is proportional to the total number of articles in that institution, and the distance between two institutions is inversely proportional to the degree of cooperation 
between them.
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Table 4 The Top 10 High-Cited Papers in GI Endoscopy Anesthesia Research from 2001 to 2022

Rank Title First Author Journal Publication 
Year

Total 
Citations

JCR IF

1 Machine Learning in Medicine Rajkomar A N Engl J Med 2019 915 Q1 176.079

2 Inflammatory bowel disease in children and 
adolescents: Recommendations for diagnosis - 

The Porto criteria

Escher JC J Pediatr 
Gastroenterol 

Nutr

2005 514 Q2 3.288

3 A prospective study of colonoscopy practice in 

the UK today: are we adequately prepared for 
national colorectal cancer screening tomorrow?

Bowles CJA Gut 2004 473 Q1 31.793

4 Fecal Microbiota Transplant for Treatment of 
Clostridium difficile Infection in 

Immunocompromised Patients

Kelly CR Am 
J GastroenteroL

2014 426 Q1 12.045

5 Endoscopic sedation in the United States: Results 

from a nationwide survey

Cohen LB Am 

J Gastroentero

2006 371 Q1 12.045

6 Drug-induced sleep endoscopy: the VOTE 

classification

Kezirian EJ Eur Arch  

Oto-Rhino-Laryn

2011 366 Q2 3.236

7 A systematic review and meta-analysis of 

randomized, controlled trials of moderate 

sedation for routine endoscopic procedures

Mcquaid KR Gastrointest 

Endosc

2008 359 Q1 10.396

8 Wireless capsule endoscopy: a comparison with 

push enteroscopy in patients 
with gastroscopy and colonoscopy negative 

gastrointestinal bleeding

Mylonaki M Gut 2003 353 Q1 31.793

9 Endoscopic gastrojejunostomy with survival in 

a porcine model

Kantsevoy SV Gastrointest 

Endosc

2005 332 Q1 10.396

10 AGA institute review of endoscopic sedation Cohen LB Gastroenterology 2007 300 Q1 33.883

Table 5 The Top 10 High-Cited Papers in GI Endoscopy Anesthesia Research from 2021 to 2022

Rank Title First 
Author

Journal Publication 
Year

Total 
Citations

JCR IF

1 Safety and efficacy of remimazolam in high risk 
colonoscopy: A randomized trial

Rex DK Dig Liver Dis 2021 28 Q2 5.165

2 High-flow nasal oxygenation or standard oxygenation for 
gastrointestinal endoscopy with sedation in patients at risk 

of hypoxaemia: a multicentre randomised controlled trial 

(ODEPHI trial)

Nay MA Br J Anaesth 
& Hepatology

2021 24 Q1 11.719

3 National survey on sedation for gastrointestinal 

endoscopy in 2758 Chinese hospitals

Zhou S Br J Anaesth 2021 24 Q1 11.719

4 High-Flow Nasal Cannula Oxygen in Patients Having 

Anesthesia for Advanced Esophagogastroduodenoscopy: 
HIFLOW-ENDO, a Randomized Clinical Trial

Mazzeffi 

MA

Anesth Analg 2021 24 Q1 6.627

(Continued)
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ENDOSCOPY by Heuss et al.12 Besides, the research titled “Trained registered nurses/endoscopy teams can administer 
propofol safely for endoscopy”,13 published in 2005 emerged third. In this article, the author found that trained nurses 
and endoscopists can administer propofol safely for endoscopic procedures, which can decrease anesthesia associated 
high costs.

Discussion
General Information
In the present study, we utilized VOSviewer, Citespace and R to analyze literature related to endoscopy anesthesia/ 
sedation. We retrieved a total of 1244 original articles and reviews published since 2001. Our results indicated that the 
annual publications and citations of endoscopy anesthesia/sedation had shown an upload trend in recent years. China and 
the United States are now world leaders in the field of endoscopy anesthesia/sedation research. Furthermore, four of the 
top 10 prolific institutions were from the United States, such as Mayo Clinic and Yonsei University. In addition, 
American institutions were observed with more worldwide cooperations, which maximized its geographical advantages 
and further strengthened its academic influence on GI endoscopy anesthesia/sedation research. Although China 
ranked second in the number of publications in this field, it cooperated less with other countries compared with the 
other countries/regions in the top 10 categories. This phenomenon may be accounted by a late start of China in this field.

We found that more than half of productive journals were classified as Q1 or Q2, and according to the latest Journal 
Citation Reports (JCR), The New England Journal of Medicine (IF 176.079, Q1) had the highest IF. However, European 
Archives of Oto-Rhino-Laryngology (IF 3.236, Q2) and Journal of Pediatric Gastroenterology and Nutrition (IF 3.288, 
Q2) were two of the top ten productive journals, and their IF values were less than 5, showing IF values cannot fully 
reflect the levels of journals. This finding indicated that improving research quality while increasing output might 
enhance their scholarly impact.

Furthermore, our results demonstrated that Leung, Felix W has made outstanding achievements in GI endoscopy 
anesthesia/sedation research. His achievements not only focus on animal experiments but also include clinical studies, 
like randomized controlled studies. He mainly focused on the animal experiments and clinical studies on GI endoscopy 
anesthesia/sedation. The top-cited articles were most often published in top journals within the research field of GI 

Table 5 (Continued). 

Rank Title First 
Author

Journal Publication 
Year

Total 
Citations

JCR IF

5 Comparison of high flow nasal oxygen and conventional 
nasal cannula during gastrointestinal endoscopic sedation 

in the prone position: a randomized trial

Kim SH Can J Anesth 2021 21 Q1 6.713

6 Wireless Capsule Endoscopy Bleeding Images 

Classification Using CNN Based Model

Rustam, F IEEE Access 2021 21 Q2 3.476

7 Sedation practices for routine gastrointestinal endoscopy: 

a systematic review of recommendations

Dossa F BMC 

Gastroenterol

2021 19 Q4 2.847

8 Safety and efficacy of remimazolam compared with 

propofol in induction of general anesthesia

Dai G Minerva 

Anestesiol

2021 18 Q3 3.396

9 Expert Consensus Statement: Pediatric Drug-Induced 

Sleep Endoscopy

Baldassari 

CM

Otolaryngol 

Head Neck 

Surg

2021 16 Q1 5.591

10 Efficacy and safety of ciprofol for the sedation/anesthesia 

in patients undergoing colonoscopy: Phase IIa and IIb 
multi-center clinical trials

Teng Y Eur J Pharm 

Sci

2021 14 Q2 5.112

Journal of Pain Research 2023:16                                                                                                     https://doi.org/10.2147/JPR.S408811                                                                                                                                                                                                                       

DovePress                                                                                                                       
2401

Dovepress                                                                                                                                                           Xiong et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 5 (A) Top 20 keywords with the strongest citation bursts in the studies of GI endoscopy anesthesia/sedation. (B) Analysis of keywords.
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endoscopy, including GASTROINTESTINAL ENDOSCOPY and ENDOSCOPY. Notably, the distribution of highly 
cited journals in the references was similar to the actively published journals.

Hotspots and Frontiers
Through the potent combination of top keywords and literature, we attributed the research hotspots as follows: 1) 
Complications of GI endoscopy with anesthesia/sedation assistance. Anesthesia/sedation-related adverse events including 
hemodynamic events,7 hypoxemia, respiratory depression,21 respiratory obstruction,22 reflux and aspiration, 
laryngospasm,23 postoperative nausea and vomiting (PONV), and delayed recovery still happen occasionally during or 
after anesthesia. 2) Risk factors including older age (Years >75),24 long time procedure,25 BMI ≤ 18 kg/m2, ASA ≥III26 

contribute to the occurrence of sedation-related adverse events. What’s more, Kilic et al27 found that higher BMI was 
associated with an increased frequency of sedation-related complications. Although numerous studies have summarized 
the risk factors of sedation-related adverse events, there is still a lack of a well-recognized risk prediction model for the 
complications of GI endoscopy anesthesia. Further research should be conducted to minimize the complications of GI 
endoscopy anesthesia by establishing risk prediction models.

Qin et al6 searched keywords with the strongest citation burstiness and found that alfentanil and meperidine became 
the foci from 2001 to 2007/2008; however, we found that risks and adverse events became the hotspot keywords from 
2015 to 2020/2022. The top 3 most cited papers in 2021–2022 mainly focused on remimazolam or clinical trials, 
indicating that new drug trials recently became the new research foci in GI endoscopy anesthesia/sedation.

The degree of sedation is determined by titration to achieve a safe, comfortable, and tolerable level. Different patients may 
require different levels of sedation when receiving the same procedure, and the same patient may achieve different levels of 
sedation in a single procedure. The purpose of sedation and analgesia is to relieve anxiety, discomfort, and pain and reduce the 
treatment process’s memory. With the development of GI endoscopy, traditional sedative methods using benzodiazepines or 
monitored anesthesia care (MAC) using propofol may not be safe enough for the patients. General anesthesia is applied in 
complicated gastrointestinal endoscopy patients with high risks and undergoing complex procedures—the level of sedation 
sufficient to operate ranges from minimal to complete anesthesia. In general, diagnostic and uncomplicated upper GI 
endoscopic and colonoscopy procedures can be successfully performed under moderate anesthesia (consciously).28 

Endoscopic treatment without anesthesia is the standard in some countries outside the United States. Deeper sedation is 
applied to longer and more complex operations, including, but not limited to, endoscopic retrograde cholangiopancreato-
graphy (ERCP) or endoscopic ultrasonography (EUS). In addition, deep sedation may be considered for patients who have 

Figure 6 Top 10 references with strong citation burstiness (MD = 2). The red bars mean some references are cited frequently; the blue bars represent references cited 
infrequently.
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been or may not be regarded as unsuitable for standard sedation or those who cannot tolerate pain during the process of 
manipulation. These patients include long-term users of hallucinogens and benzodiazepines, alcoholics, drug addicts, and 
those with mental illnesses. Some authors recommend the routine use of short-acting anesthetics (eg, propofol) in standard 
endoscopic procedures to increase patient comfort.29 In addition, GI endoscopy anesthesia includes conscious sedation and 
deep sedation (anesthesia), and some complex procedures even require deep sedation analgesia and endotracheal intubation.30 

As for bibliometric analysis conducted by Qin et al6 it mainly focused on endoscopic sedation research, and our research also 
included general anesthesia research related literatures, which was more widely covered in this field.

Anesthesia Practice
It is still controversial whether anesthesia specialists should perform GI endoscopy anesthesia. Considering the high cost and 
safety of patients, Daniela et al stated that propofol could still be administered safely by non-anaesthetic personnel, and even 
for advanced procedures.31 In the guidelines for sedation and anesthesia in GI endoscopy published in 2018,20 anesthesia 
provider assistance should be considered in the following situations: prolonged or therapeutic endoscopic procedures requiring 
deep sedation, anticipated intolerance to standard sedatives, increased risk for adverse events because of severe comorbidity 
(ASA class IV or V), increased risk for airway obstruction because of anatomic variant. Notably, registered nurses also played 
a significant role in GI endoscopy anesthesia. According to the guideline in 2018, medications targeting minimal and moderate 
sedation generally can be administered by an appropriately trained registered nurse (RN) under the supervision of an 
endoscopist. Several scientific societies have endorsed non-anesthesiologist sedation (NAS) during gastrointestinal endo-
scopy, considering it a safe procedure when administered by adequately trained personnel. Manno et al’s research showed that 
after completing the European Society of Gastroenterology and Endoscopy Nurses and Associates (ESGENA) sedation 
training course, the rate of adverse events was meager in their institution, which emphasizes the significance of training 
registered nurses.32

Besides the personal allocation during anesthesia, some researchers also paid attention to the monitoring and 
ventilation method during sedation. A randomized controlled study’s result showed that during sedation for EGD and 
colonoscopy, capnography played a crucial role in identifying apnea and changes in breathing patterns in mildly obese 
patients before their oxygen saturation (SpO2) levels drop. This early detection enabled healthcare providers to promptly 
intervene and reduce the incidence of severe hypoxia.33 In addition, a recent multicenter randomized controlled trial 
published in the British Journal of Anesthesia found that in patients at risk of hypoxemia undergoing gastrointestinal 
endoscopy under deep sedation, high-flow nasal oxygen significantly reduced the incidence of peripheral oxygen 
desaturation.34 Therefore, different ventilation methods should be applied according to the patient’s status. In implement-
ing GI endoscopy anesthesia, many details are worth considering that need further study.

Conclusion
In recent decades, there has been a surge of interest in the field of anesthesia/sedation in GI endoscopy. The US dominates this 
field, represented by the largest number of publications (720) and extensive international collaborations. The selection and 
dosage of sedative regimens have always been the foci of disease research to improve comfort and safety, and adverse events 
and risks arouse attention gradually. In the past 20 years, hotspots mainly focus on upper gastrointestinal endoscopy, 
gastroscopy, and esophagogastroduodenoscopy. In summary, our results revealed a comprehensive scientometric analysis 
of research on GI endoscopy anesthesia/sedation from a global perspective. They may provide valuable clues for future 
research directions and scientific decision-making in this domain.
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