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Research trends from 1992 to
2022 of acupuncture anesthesia: a
bibliometric analysis

Linxi Sun®, Xugiang Wei'!, Ke Wang'?* and Jia Zhou®?*

!Acupuncture Anesthesia Clinical Research Institute, Yueyang Hospital of Integrated Traditional Chinese
and Western Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai, China, 2Office of
National Clinical Research Base of TCM, Yueyang Hospital of Integrated Traditional Chinese and
Western Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai, China

Background: Acupuncture anesthesia is a significant technical development that
originated in China in 1958 and was introduced to the West in the early 1970s. Due
to its relative novelty, it has been the subject of intense scrutiny and contestation.
Since the early 1970s, the use of acupuncture as a complementary treatment
for opioid analgesics has been accepted. Research on acupuncture anesthesia
has helped to reduce clinical opioid abuse. However, only a few articles have
focused on previous publications that reflect the trend of the study, the main
investigators, reciprocal collaboration, and other information in this field. In view
of this, we utilized bibliographic analysis methods to objectively analyze current
trends and research hotspots in this field, aiming to provide a foundation and
reference for future studies.

Methods: The Web of Science database was searched for publications related to
acupuncture anesthesia between 1992 and 2022. The CiteSpace and VOSviewer
were used to analyze the annual publications, authors, Co-cited authors, and their
countries (regions) and institutions, co-occurrence keywords, burst keywords,
Co-citation references and Co-citation journals.

Results: A total of 746 eligible publications were retrieved from the database
for the analysis, including 637 articles and 109 reviews. And the trend of annual
publications continued to grow. Aashish J. Kumar, Daniel I. Sessler, Baoguo Wang,
and Paul F. White published the most papers in this field (7), and all authors, had
a very low centrality (<0.01). China (252) and the University of California System
(21) were the most productive country (region) and institution, respectively,
while the United States (0.62) and University of California System (0.16) had the
highest centrality. After removing keywords related to the search strategy, the
three most frequent were pain (115), electroacupuncture (109), and stimulation
(91). The six most recent burst keywords were recovery, transcutaneous electrical
acupoint stimulation, systematic review, quality, general anesthesia, and surgery.
Wang et al.’s article had the highest co-citation count (20), whereas Zhang et al.’s
articles had the highest centrality (0.25). The Journal of Anesthesia and Analgesia
was the most influential one (408 co-citations).

Conclusion: This research provides valuable information for the study of
acupuncture anesthesia. In recent years, frontier topics in acupuncture anesthesia
research have been the promotion of perioperative rehabilitation, anesthesia
management, and quality improvement.

acupuncture, anesthesia, bibliometric analysis, CiteSpace, VOSviewer
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1. Background

Acupuncture anesthesia refers to the use of acupuncture to
obtain or strengthen anesthesia by following meridians, identifying
evidence, or localizing points of acupuncture according to different
diseases and surgical sites (1). It is a unique anesthesia method in
China that uses acupuncture therapy to assist in surgery.
Acupuncture anesthesia is a new exploration of anesthesiology and
an original research field in the history of Chinese medicine (2, 3).
It perfectly combines the ancient acupuncture technique with the
modern anesthesia technique in the surgical field and is a typical
case of the integration of traditional Chinese and Western
medicine (4).

During President Nixon’s historic visit to China in 1972,
members of his delegation observed thyroidectomy and lobectomy
surgeries performed under acupuncture anesthesia. This event
marked the beginning of a global surge in interest and research
into acupuncture anesthesia (5, 6). It is well known that surgery
occupies an unshakable position in Western medicine, and
traditional Chinese acupuncture can be combined with surgery,
which has promoted acupuncture therapy worldwide. Multiple
clinical studies demonstrated that combining acupuncture with
anesthesia leads to improved patient outcomes, including
decreased preoperative anxiety, less stress response during surgery,
improved immune function, and fewer postoperative side effects
(7-11). The indications for acupuncture anesthesia are also
expanding, not only for various surgical procedures (12) but also
for gynecological procedures such as abortion (13) and cesarean
section (14), as well as local trauma-assisted examinations such as
peritoneal dialysis (15) and gastroscopy (16). These advancements
have significantly contributed to the improvement of individuals’
overall health.

In recent years, the number of research papers on acupuncture
anesthesia published in high-level domestic and international journals
has increased rapidly, and acupuncture anesthesia research is
progressing in a scientific and standardized manner (17). However,
despite enthusiasm in the clinical and research fields (18, 19), no
studies conducted to systematically organize and deeply analyze
research trends in acupuncture anesthesia, which to some extent
restricts the advancement of the general research of acupuncture
anesthesia (20). Therefore, an in-depth study of this field using
bibliometric analysis is highly warranted.

Bibliometric analysis is a method of evaluating and
quantifying information in the literature using mathematical and
statistical methods, which helps to gain a complete understanding
of research progress in a scientific field (21, 22). This analysis has
been applied to several fields of acupuncture, including
acupuncture for cardiac disease and postoperative analgesia, and
many research results have been accumulated (23-25). The
bibliometric approach was applied in this study to analyze the
literature on acupuncture anesthesia over the last 31 years from
multiple perspectives, such as authors, institutions, countries,
keywords, co-cited references, and co-cited journals. And the
results were presented in the form of scientific knowledge maps
by using the CiteSpace software; then the maps were further
interpreted and analyzed to gain an intuitive and comprehensive
understanding of the research in the field, identify research
hotspots, and provide new research ideas (26, 27).

Frontiers in Medicine
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2. Materials and methods
2.1. Data sources and search strategy

All data for this study were obtained from the Web of Science
(WoS) Core Collection database. Relative to general databases such as
Scopus, Derwent, China National Knowledge Infrastructure (CNKI),
and the Chinese Social Sciences Citation Index (CSSCI), WOS
includes more scientific publications and provides overall data sources
for bibliometric software. Thus, WOS is the most frequently used
database in bibliometric research (28, 29). The terms “acupuncture”
and “anesthesia” were used in the MeSH search.! Data retrieval
strategies were established by referring to the Mesh terms tree and
related literature for additional information (25, 30, 31). Timespan:
01-01-1992 to 31-12-2022. (Retrieved on January 30, 2023). Seven
hundred and eighty-eight documents were obtained. Only the type of
article and review document was retained, which were formally
published and had comprehensive research data. There were no
restrictions on the language or type of research. Duplicate records
were removed. Finally 746 documents were included in the analysis.
Specific search strategies and results are shown in Table 1.

2.2. Bibliometrics and visualization analysis

We exported retrieved articles in plain text format with full
records and references, named “download XXX.txt” and then
imported into CiteSpace (version 6.1.R6 64-bits). CiteSpace combined
with Excel was applied for data organization, the centralities
calculations, and visual analysis, including: (1) statistical and
descriptive analysis: for parameters such as annual publication
volume, authors, countries, and institutions; (2) collaborative network
analysis: mainly for the three dimensions of countries (regions),
institutions and authors; (3) co-occurrence analysis: for keywords; (4)
citation burst analysis: mainly for keywords; (5) co-citation analysis:
for authors, references and journals.

The VOSviewer (version 1.6.19) was used to optimize and
supplement the unaesthetic map. The different nodes represent
different items, while the size of the circle, determined by the weight

1 https://www.ncbi.nlm.nih.gov/mesh

TABLE 1 The topic search query for web of science.

Set ‘ Results ‘Search query

#1 28,384 TS = (Acupuncture OR Pharmacopuncture OR
Acupressure OR Acupuncture Therapy OR Acupuncture
Pointx OR acupunct* OR needl* OR Electroacupuncture
OR Transcutaneous Electrical Acupoint Stimulation OR
Ear Acupuncture OR Auricular acupuncture OR Laser

Acupuncture OR meridians OR acupoints)

#2 207,332 TS=(Anesthesia* OR anesthesia* OR anesthetic* OR
“Hypnosis Anesthetic” OR Anaesthetization OR
Narcosis* OR Narcotism* OR “Nerve Block” OR

Cryoanesthesia)

#3 788 #1 AND #2
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of the item, reflects productivity. The lines between items represent
links. Scimago Graphica 1.0.26*> was used to visualize country
distribution and partnerships. MapEquation® is used to produce a
keyword alluvial diagram. Thicker lines mean stronger links and
closer cooperation. The impact factor (IF) and the H-index"' were
added to the table for a comprehensive and scientometric
result analysis.

The specific parameters for the visualization analysis were set as
follows: The threshold of “Top N% per slice” was 50 for all calculations.
The time span was from January 1992 to December 2022, and the time
slice setting for all analyzes conducted with CiteSpace was “1 year per

2 https://graphica.app/
3 https://www.mapequation.org/apps/AlluvialGenerator.ntml

4 http://www.scimagojr.com/countryrank.php

10.3389/fmed.2023.1194005

slice” The clustering labels were extracted using the LLR algorithm
(21). When mapping visualization knowledge figures, we followed the
main procedural steps of CiteSpace, including time slicing,
thresholding, modeling, pruning, merging, and mapping (32). Central
concepts of CiteSpace include burst detection, betweenness centrality,
and heterogeneous networks, which can help to timely visualize the
research status, hot spots, and frontiers.

2.3. Charts interpretation

CiteSpace generates maps composed of nodes representing the
objects under analysis (e.g., authors, institutions, or keywords). The
diameter of these nodes corresponds to the frequency of the
analyzed objects, for instance, the output or citation frequency. The
color of the nodes varies according to the year of publication, and

A Bibliometric Analysis
of Acupuncture Anesthesia
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the lines connecting them represent collaborations or
co-occurrences. The color of the lines indicates the time of the first
collaboration, while the thickness of the lines reflects the strength of
the collaboration (33).

3. Results
3.1. Search results and study characteristics

After duplicating removal function in CiteSpace software and
manually cleaning the merged data, 746 studies were finally identified.
Amid these document types, the Article and the Review had the
percent of 85.39 and 14.61%, respectively. A flowchart of the screening
process is presented in Figure 1.

3.2. Annual publications and trends

In the field of acupuncture anesthesia, there has been a steady
increase in the number of publications over the past 31 years, with
some fluctuations ranging from 5 to 62 publications. Notably, from
2016 to 2017, the number of related publications increased the most
with 23 publications. This increase in publication indicates growing
interest from researchers in this field. Please refer to Figure 2 for the
number and trend of annual articles.

From 2005 to 2016, there was a stable trend in the
publication of articles, with an average of around 27 articles per
year. However, in 2017, there was an increase in the number of
publications to 46. After a temporary decline, the period from
2018 to 2022 saw a sustained and significantly accelerated
increase in publication rates. The average number of publications
during this period was over 52 per year, which is the highest
recorded over the past 31 years.

To facilitate a quick look at representative articles, the top ten
cited articles and their features and findings are in
Supplementary material.

Frontiers in Medicine

3.3. Analysis of countries/region and
institutions

In total, 746 references were published by 51 countries or regions.
To improve visual clarity, this study used VOSviewer and Scimago
Graphica to select 30 countries or regions with more than two articles,
resulting in 6 clusters and 83 links (Figure 3A). The thickness of the
line between countries indicates the level of cooperation (Figure 3B).
Co-occurrence map analysis of institutions reveals that China
cooperates with a wide range of countries, with 16 having published
ten or more papers. China ranked first in the number of publications
(252 papers), followed by the United States, South Korea, Germany,
Japan, Brazil, and the United Kingdom, etc.

The United States exhibited the highest centrality (0.62),
indicating relevance and strong cooperation in this field. China,
although the top publisher, had a centrality of only 0.25. This finding
highlights that China and the United States play critical roles in
research in this field, but academic exchanges between the two
countries remain limited. As the birthplace of acupuncture anesthesia,
China should seek more international cooperation to promote the
global use of acupuncture anesthesia. The top 10 countries/regions
and institutions are listed in Table 2.

A total of 953 research institutions were involved, and 114 institutions
with more than 3 papers were chosen for visualization. We performed the
co-occurrence analysis of institutions using VOSviewer, resulting in 42
clusters and 135 links (Figure 4). Our analysis found a relatively low level
of centrality, indicating that collaboration among institutions is not well-
established. The top 10 institutions in terms of the number of publications
were the University of California System (21), Capital Medical University
(20), Kyung Hee University (16), China Academy of Chinese Medical
Sciences (13), China Medical University (13), Air Force Medical
University/Fourth Military Medical University (12), Guangzhou
University of Chinese Medicine (12), Yale University (11), Chengdu
University of Traditional Chinese Medicine (10), and Peking University
(9). In the future, greater academic exchange and cooperation among
universities and research institutions could promote the further
development of acupuncture anesthesia.
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3.4. Analysis of authors and co-cited author

A total of 3,466 authors contributed to these articles; we selected
363 ones with more than two papers for better visualization.
We performed the co-occurrence analysis of authors using VOSviewer,
resulting in 97 clusters and 687 links (Figure 5A). The relationships
between authors can also be observed on this map. In the top 10
authors listed in Table 3. The co-authorship network shows prolific
authors and the collaboration among them. The largest number of
papers was 7 (Aashish J. Kumar, Daniel I. Sessler, Baoguo Wang and

Frontiers in Medicine

10

Paul E White), followed by 6 (Taras I. Usichenko and Qiang Wang).
Although many authors have published relevant articles, there was
little collaboration among them. Furthermore, the centrality of the
authors was relatively low, suggesting that more large-scale, high-
quality collaborations are needed in the future.

Fifteen thousand nine hundred seventy-seven co-cited authors
contributed to these articles; we selected 252 ones with more than 10
papers for better visualization. The Collaboration map of Co-cited
Authors consisted of 22 clusters and 10,940 links, and we chose to
visualize the largest connected component only (Figure 5B).
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TABLE 2 Top 10 countries and institutions with the highest frequency and centrality on acupuncture anesthesia.

Country Publications = Centrality Institution Publications Centrality
1 China 252 0.25 University of California System 21 0.16
2 United States 173 0.62 Capital Medical University 20 0.15
3 South Korea 44 0.02 Kyung Hee University 16 0.05
4 Germany 41 0.13 China Academy of Chinese Medical Sciences 13 0.14
5 Japan 38 0.02 China Medical University 13 0.08
6 Brazil 32 0.13 Air Force Medical University (the Fourth Military Medical 12 0.02
University)
7 United Kingdom 31 0.13 Guangzhou University of Chinese Medicine 12 0.06
8 Australia 23 0.08 Yale University 11 0.01
9 Austria 22 0.06 Chengdu University of Traditional Chinese Medicine 10 0.03
10 Turkey 19 <0.01 Peking University 9 0.06

University of California System (University of California System) includes University of California, Irvine (9 publications), University of California, Los Angeles (6 publications), and other

campuses.

DUNDEE, JW, from the Department of Anesthetics at Queen’s
University of Belfast in Northern Ireland is the author with the
highest number of citations (228). As early as 1990, Garwin and his
colleagues combined the clinical findings of P6 (Neiguan) stimulation
for postoperative sickness with the literature to provide evidence
supporting the use of acupuncture for all types of vomiting (34). The
top 10 authors and Co-cited authors are listed in Table 3.

3.5. Analysis of co-occurrence keywords

Co-occurrence refers to the phenomenon in which two or
more keywords appeared in other literature at the same time. The
746 publications on acupuncture anesthesia brought of 661
keywords together. A total of 661 nodes and 2,415 links
(density=0.0111) comprised the merged co-keyword network.
When “Pathfinder” and “pruning sliced networks” were applied, a
co-occurrence map of keywords, Figure 6A, was generated. The
alluvial diagram of the changes from year to year in keywords for
acupuncture anesthesia is shown in Figure 6B. The 20 most
frequent co-occurrences refer to the phenomenon in which two or
more keywords appear together in the literature. Table 4 lists the
20 most frequently co-occurring keywords. Undoubtedly,
“acupuncture” and “anesthesia” were the two most frequent, with
202 and 141 publications, respectively. Keywords related to the
retrieval strategy were removed and the top 10 keywords were, in
descending order of frequency, pain, electroacupuncture,
stimulation, surgery, management, analgesia, postoperative nausea
and prevention. “acupuncture” had the highest centrality (0.22),
followed by “anesthesia” (0.17) and “pain” (0.16).

3.6. Analysis of burst keywords

“Burst keywords” refer to keywords cited frequently over
some time, thereby indicating the frontier areas. Figure 7 shows
twenty burst keywords sorted by the “begin year” As displayed,
the related investigation heat from the keyword “metoclopramide”
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and “children” has lasted for more than 10years. And then,
“droperidol” became popular among researchers from 1997 to
2005, with the highest strength (8.45) among these 25 burst
keywords. Currently, six keywords had become burst and have
lasted until now: recovery, transcutaneous electrical acupoint
stimulation, systematic review, quality, general anesthesia,
and surgery.

3.7. Analysis of co-citation references and
co-citation journals

It is believed that the citation rate can not only measure the impact
or importance of a certain work but also reflect its recognition within
the scientific community. Therefore, identifying highly cited papers
can help recognize the papers or topics in acupuncture anesthesia that
have received the most recent attention from the scientific community.
Considering that citations accumulate over time, we present the top 10
highly cited papers during the last decade based on the average
citations per year in Table 5.

A total of 864 nodes and 2,611 links (density=0.007) comprised
the co-citation reference network. A total of 864 references were
extracted from the 746 articles on acupuncture anesthesia to analyze
the cited references (Figure 8A). The first cited literature was published
in 1987, and the most recent was published in 2022. Five of these were
RCTs, three meta-analyzes, one review, and one guideline.
Transcutaneous electric acupoint stimulation reduces intra-operative
remifentanil consumption and alleviates postoperative side-effects in
patients undergoing sinusotomy: a prospective, randomized, placebo-
controlled trial (35) by Wang et al., published in 2014, topped the list
with 20 citations during the last decade. Written by Zhang et al,,
Mechanisms of Acupuncture-Electroacupuncture on Persistent Pain
(TF:9.198), published in 2014 had the highest centrality of 0.25 during
the last decade.

A total of 768 nodes and 6,083 links (density=0.0207) comprise
the co-citation journal network (Figure 8B). Anesthesia and Analgesia
(Anesth Analg, 1F:6.627) topped the list with 408 citations.
Acupuncture and Electro-Therapeutics Research (Acupuncture Electro,
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Map of institutions with publications in acupuncture anesthesia.

IF: 0.684) had the highest centrality (0.13), with 104 citations. The
top 10 co-citation journals listed in Table 6.

4. Discussion

The meridian system, known as jingluo, is a fundamental concept
in both physiology and pathology. Acupoints, located over these
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meridians, are selected sites for acupuncture. Acupuncture points
refer to specific sites on the body surface where meridians, qi, and
blood gather. These sites serve as stimulation points and therapeutic
foundations for acupuncture, as well as sensory and reaction points
for physiological functions and pathological changes of internal
organs. Acupuncture points are related to immune, neurological, and
endocrine regulatory networks, and regulating these acupoints can
promote overall bodily regulation for achieving balance and
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(A) Collaboration map of Authors with publications in acupuncture anesthesia. (B) Collaboration map of Co-cited Authors with publications in
acupuncture anesthesia.

maintenance of harmonious internal and external environments (44).  minimal physiological intervention in patients. Adenosine, a
When acupuncture stimulation is applied to acupuncture points, it ~ neuromodulator with antinociceptive characteristics, is involved in
promotes releases special molecules, like opioid peptide, glutamate,  the local analgesic effect of acupuncture and amplifies the rise in
and adenosine calcium, which alleviate pain on particular organs (43).  acupuncture-induced adenosine and its antinociceptive effect (47).
Several clinical studies (11, 19, 45, 46) have demonstrated that  Given its clinical significance, the research, discovery, and innovation
acupuncture anesthesia can effectively reduce the dosage of anesthetic ~ of acupuncture anesthesia is a crucial and interesting field of study.
drugs and the risk of adverse reactions in surgical applications, with ~ This research seeks to produce a more comprehensive and thorough
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TABLE 3 Top 10 authors and co-cited authors with the highest frequency in acupuncture anesthesia.

Author Publications Centrality Co-cited Citations Centrality
Author
1 Aashish J. Kumar 7 <0.01 DUNDEE, JW 228 0.13
2 Daniel L. Sessler 7 <0.01 HAN, JS 188 0.23
3 Baoguo Wang 7 <0.01 Wang, Shu-Ming 135 0.09
4 Paul FE. White 7 <0.01 Lee, Anna 129 0.06
5 Taras I. Usichenko 6 <0.01 Gan, Tong Joo 118 0.06
6 Qiang Wang 6 <0.01 White, Paul E. 111 0.07
7 Fang Gao 5 <0.01 Apfel, CC 82 0.04
8 Bae Hwan Lee 5 <0.01 Usichenko TI 67 0.02
9 Shugqin Li 5 <0.01 Kain, Zeev N 66 <0.01
10 Yanan Li 5 <0.01 Yentis, S. M. 60 0.02

analysis of the development of acupuncture anesthesia in the last three
decades using bibliometric data.

Currently, Western culture and science and technology have
exerted a significant influence on acupuncture anesthesias
development, resulting in various emerging challenges. However, this
phenomenon also represents an opportunity for its growth (48).
Notably, a new model of comprehensive perioperative management of
acupuncture anesthesia with the characteristics of integrated
traditional Chinese and Western medicine has gradually been forming
in China (49). To strengthen the practice of acupuncture anesthesia,
researchers must promote exchange and cooperation actively. They
should absorb and embrace the latest evidence-based concepts,
research methods, and techniques to expand the scope of acupuncture
anesthesias application. This approach should take into account the
traditional connotations of this method while also acknowledging its
limitations critically. To ensure the continued success of acupuncture
anesthesia, researchers must follow the law of cross-disciplinary
integration and innovative development. By doing so, they can
maintain absorption, collaboration, innovation, and continuously
improve  the  quality, vitalityy, and development of
acupuncture anesthesia.

Our study found that in terms of research methods, RCTs,
systematic reviews, and meta-analyzes are the mainstream of
evidence-based medicine and are widely used in clinical practice.
Research hotspots and directions have expanded from theoretical
basis, historical evolution, clinical observation, and safety studies to
mechanism studies, perioperative analgesia, and enhanced recovery
after surgery (ERAS).

Since its first publication in 1992, the field of acupuncture
anesthesia has experienced a fluctuation in growth. However,
current trend analysis suggests that there will be a continued
growth trend and greater development space in the coming years.
One significant breakthrough in acupuncture anesthesia occurred
in early 20th century Shanghai, China, where a successful case of
mitral valvuloplasty was completed under this method and later
televised in the BBC documentary ‘“Alternative Therapy:
Acupuncture” (1, 50). This event marked the re-entry of
acupuncture anesthesia into the global spotlight, allowing it to
gain international recognition and attention (1). This boom may
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have influenced the academic community as well, and the
inflection points of steady growth in the field of acupuncture
anesthesia also occurred after 2005, with an annual publication
volume of more than 20.

The country co-occurrence analysis showed that China, the
United States, and South Korea contributed the top three in terms of
the number of publications, with the United States having the highest
intensity of collaboration. This may be related to the historical origin
of the belief that China and the United States have shared a common
interest in acupuncture anesthesia since the 1970s. China should take
advantage of being the birthplace of acupuncture anesthesia to
strengthen international cooperation. Furthermore, collaboration
between institutions shows a clear cluster character, with clusters
being relatively distant and dispersed, which means that there are
currently fewer reciprocal ties between institutions, and no global
collaboration has yet been formed.

The co-author network map shows that the centrality of the top 10
authors in terms of number of posts is less than 0.01, reflecting the
lack of collaboration among authors and the need for improvement.
This highlights the pressing need to strengthen international exchange
and collaboration in the field of acupuncture anesthesia. There are
numerous international scientific research institutions and teams that
possess a significant interest in acupuncture anesthesia and are at the
forefront of scientific advancements. Therefore, it is important to
expand the avenues of international academic exchanges on
acupuncture anesthesia. This could be achieved by strengthening the
drive to inherit innovation, encouraging researchers, teachers, and
students alike to learn new theories, ideas, technologies, and methods,
and carrying out and reinforcing cooperative experiments on
acupuncture anesthesia. We could also establish international joint
research centers and laboratories for acupuncture anesthesia to
provide a high-tech platform for the development of acupuncture
anesthesia research and innovation. By integrating the resources and
strengths of all relevant parties, strengthening exchanges, and
promoting mutual progress, we should aim to improve the stakeholder
network for acupuncture anesthesia. Through systematic and orderly
guidance, stakeholders can jointly promote the development and
innovation of a series of high-quality acupuncture anesthesia
research studies.
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FIGURE 6
(A) Map of keywords with publications in acupuncture anesthesia. (B) An alluvial diagram illustrating the emergence of acupuncture anesthesia.

Keywords such as “pain,” “electroacupuncture,” stimulation,”

» <«

“surgery,
frequently and were the focus of attention in this field. Since 2006,

analgesia,” and “postoperative nausea” appear early and

the emergence of the high-frequency keywords “randomized
controlled trial” and “mechanism” suggests that international
research has gradually paid attention to quality control and
mechanism exploration of studies related to acupuncture
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anesthesia. In terms of indications, acupuncture anesthesia is
being investigated not only for clinical anesthesia management
but also for perioperative pain, nausea and vomiting, and other
symptoms that can hasten patient recovery (51). In terms of
applicable groups, it is being applied to special populations aimed
at elderly, children and pregnant women (46, 52, 53). This
approach complies with the principles of ERAS (54), an
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TABLE 4 Top 20 keywords with the highest frequency in acupuncture anesthesia.

Keyword Frequency Centrality  Year Rank Keyword Frequency Centrality Year
1 Acupuncture 202 0.22 1993 11 Postoperative pain 47 0.08 2002
2 Anesthesia 141 0.17 1993 12 Acupressure 46 0.08 1993
3 Pain 115 0.16 1993 13 Children 45 0.11 1992
4 Electroacupuncture 109 0.08 1999 14 Double blind 45 0.09 2001
5 Stimulation 91 0.15 1993 15 General anesthesia 38 0.06 1992
6 Surgery 83 0.05 1993 16 Auricular acupuncture 38 0.07 2003
7 Management 75 0.07 1994 17 Efficacy 36 0.05 2000
8 Analgesia 68 0.14 1992 18 Mechanism 36 0.06 2010
9 Postoperative nausea 49 0.09 1993 19 Ondansetron 35 0.03 2000
10 Prevention 47 0.04 1993 20 Randomized 35 0.06 2006

controlled trial

evidence-based, multimodal, and multidisciplinary approach to
surgical patient care. ERAS aims to enhance perioperative
management and outcomes (55). This is in line with the
recommendations of various guidelines, which suggest that
opioids should be used sparingly. Reduced opioid use is believed
to improve patient outcomes and reduce the risk of addiction
and overdose.

The research frontiers were identified by analyzing the burst
keywords The five most recent burst keywords were “recovery”

» «

“transcutaneous electrical acupoint stimulation” “systematic

» «

review” “quality

» <«

general anesthesia” and “surgery.” Facilitating
rehabilitation anesthesia management and reduction of opioid
abuse has been a topic of interest in surgical departments (56—
58). Despite progress in research more efforts are needed to
understand the characteristics of the role of acupuncture
anesthesia in rehabilitation sedation and mechanisms to reduce
anesthetic drugs. In contrast transcutaneous electrical acupoint
stimulation is widely used in the perioperative period instead of
traditional needling because of its ease of operation and
noninvasive nature. Quality indicates that the field of
acupuncture anesthesia is placing increasing emphasis on the
credibility of research and future acupuncture anesthesia
research can be speculated to be of higher quality standardized
and institutionalized. Clinical trial design standardization of
operational procedures and optimization of the scaling of
perioperative effects have become popular (7). For example
establish a core outcome set to assessing the effectiveness of
acupuncture anesthesia and reach a consensus by integrating the
opinions of different stakeholder groups (59).

The keyword timeline view describes the chronological
sequence of keywords that appear on the horizontal timeline and
displays the dynamic time change of clustering keywords.
Combined with the alluvial diagram, it can be seen that the
research frontier has variability at different time stages, which is
related to various factors, such as national policies, the
development of medical research, the social environment, the
awareness and acceptance of the patient and the inheritance of
acupuncture anesthesia techniques. From 1992 to 2004, the
research frontier focused on the advancement of effectiveness
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and the improvement of postoperative nausea and vomiting in
the areas of anesthetic drugs, acupuncture points, electrical
stimulation, and effectiveness. From 2005 to 2013, the research
frontier migrated to mechanisms, double-blind placebo,
conventional anesthesia, and postoperative pain (24, 60). From
2014 to 2022, the research frontier includes systematic
evaluation, randomized controlled trials, quality, and recovery,
with a greater focus on evidence-based integration of outcome
indicators and the promotion of multifaceted and multilevel
recovery after surgery. Focusing on evidence-based medicine,
the researchers optimized perioperative management by
reducing the dose of anesthetic drugs to reduce the physiological
stress response of surgical patients and promote their recovery.
On this basis, Chinese scholars proposed “perioperative
acupuncture medicine,; which is the use of acupuncture
techniques to optimize preoperative, intraoperative and
postoperative treatment (61).

Based on the above results, we believe that acupuncture
anesthesia has accumulated certain clinical research and theoretical
basis, and the combination of frontier keywords and related research
(48) can predict that acupuncture will have better combinations and
advantages throughout the perioperative phase. However,
advancements in precision medicine have increased the need for
precise population stratification (62), and the effects of needling and
anesthesia management are influenced by complex individual
characteristics, highlighting the need for more precise research.
Furthermore, due to the high heterogeneity of surgical procedures,
the nature of the surgical intervention is difficult to reveal, and the
multidisciplinary collaboration is more conducive to the
development of this discipline. As a result, we should promote
collaboration across industries, the mutual benefit of sharing
scientific research resources, and cultivating professionals skilled in
acupuncture, surgery, and anesthesia. Researchers must harness the
synergies of multidisciplinary approaches (59) while actively using
big data, MRI (63) and positron emission tomography (PET),
systems research and machine learning (64) to clarify the specific
roles and mechanisms of acupuncture anesthesia in different surgical
procedures, in order to inform future development and preventative
strategies (65).
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Top 25 Keywords with the Strongest Citation Bursts
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(A) Top25 keywords with the Strongest Citation Bursts in acupuncture anesthesia. g-index (k=25). gamma=1.0. The discontinuous blue lines represent
the timeline, specifically, each small blue rectangle represents lyear, and the red part in the timeline represents the burst duration of the keyword.

(B) Timeline view of the keywords in acupuncture anesthesia. The top nine clusters were arranged on a horizontal timeline, and the direction of time
points to the right from 1992 to 2022. The horizontal lines are timelines, with different color in each cluster. The tree rings represent occurrence of
keywords, and the larger rings represent more frequency of occurrence. The camber line above the horizontal line represents the co-occurrence

relationship between keywords.

4.1. Highlights and limitations

To our knowledge, this is the first study to use bibliometric

Frontiers in Medicine

analysis to summarize the progress of acupuncture anesthesia,
visually presenting authors, institutional collaboration networks,

research hotspots and development prospects (22). Future scholars

can read this article to understand the current development

situation, identify development prospects, and develop research

ideas.

We hope to further strengthen cooperation and

communication through better understanding of the contributions
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TABLE 5 Top 10 Co-citation references with the highest frequency in acupuncture anesthesia (within 10 years).

Representative Journal Type of
author Title of reference Frequency Centrality H-index
S Name IF (2021) research
(publication year) (2021)
Transcutaneous electric acupoint stimulation reduces
intra-operative remifentanil consumption and alleviates
British Journal of
1 Wang et al. (35) postoperative side-effects in patients undergoing 20 0.04 10.1093/bja/aeu001 Anesth 11.719 189 RCT
nesthesia
sinusotomy: a prospective, randomized, placebo-
controlled trial
Journal of
Effects of Acupuncture in Anesthesia for Craniotomy: A 10.1097/
2 Asmussen et al. (10) 16 0.08 Neurosurgical 4.01 66 Meta-analysis
Meta-Analysis ANA.0000000000000290
Anesthesiology
Society for Ambulatory Anesthesia. Consensus guidelines 10.1213/ Anesthesia and
3 Gan et al. (36) 16 0.08 6.627 208 Guideline
for the management of postoperative nausea and vomiting ANE.0000000000000002 Analgesia
The Efficacy of Acupuncture in Post-Operative Pain 10.1371/journal.
4 Wu et al. (37) 15 0.07 PLoS One 3.752 367 Meta-analysis
Management: A Systematic Review and Meta-Analysis pone.0150367
Electro-acupuncture decreases postoperative pain and
10.1142/ American Journal of
5 Anetal. (38) improves recovery in patients undergoing a supratentorial 12 0.07 6.005 67 RCT
. $0192415X14500682 Chinese Medicine
craniotomy
Transcutaneous electrical acupoint stimulation for
Clinical Interventions
6 Gao etal. (39) prevention of postoperative delirium in geriatric patients 11 0.01 10.2147/CIA.S183698 i Aci 3.829 85 RCT
in Agin
with silent lacunar infarction: a preliminary study &8
Effects of transcutaneous electrical acupoint stimulation
at different frequencies on perioperative anesthetic
7 Huang et al. (40) dosage, recovery, complications, and prognosis in video- 11 0.07 10.1007/s00540-015-2057-1 | Journal of Anesthesia 2.931 49 RCT
assisted thoracic surgical lobectomy: a randomized,
double-blinded, placebo-controlled trial
Cochrane Database
Stimulation of the wrist acupuncture point PC6 for 10.1002/14651858.
8 Leeetal. (41) 11 <0.01 of Systematic 11.874 292 Meta-analysis
preventing postoperative nausea and vomiting CD003281.pub4
Reviews
Intraoperative and postoperative anesthetic and analgesic
effect of multipoint transcutaneous electrical acupuncture 10.1136/ Acupuncture in
9 Liu et al. (42) 11 0.02 1.976 48 RCT
stimulation combined with sufentanil anesthesia in ACUPMED-2014-010749 Medicine
patients undergoing supratentorial craniotomy
Mechanisms of Acupuncture-Electroacupuncture on 10.1097/
10 Zhang et al. (43) 10 0.14 Anesthesiology 9.198 245 Review
Persistent Pain 'ALN.0000000000000101

RCT: Randomized Controlled Trial.
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FIGURE 8
(A) Co-occurrence network of co-citation references (threshold=3). (B) Co-occurrence network of co-citation journals (threshold=15).

of scholars and institutions with in this field. This study had some  affected the results. Articles may have different citation counts and
limitations. First, owing to the limitations of CiteSpace data  centrality when searching for different time periods. Therefore, this
analysis, we only collected literature from the WOS core collection  study only presents results from the past 31 years. Furthermore, due
database. We did not include studies from Chinese or other English ~ to the purpose and type of research, the specific mechanism of
databases. Some original Chinese studies were excluded, which  acupuncture anesthesia has not been definitively determined.
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TABLE 6 Top 10 Co-citation journals with the highest frequency in acupuncture anesthesia.

Rank Cited journal Frequency  Centrality IF (2021) H-Index
(2021)

1 Anesthesia and Analgesia 408 0.02 6.627 208 1992
2 Anesthesiology 353 0.02 9.198 245 1992
3 British Journal of Anesthesia 337 0.02 11.719 189 1992
4 Pain 266 0.04 7.926 269 1992
5 Anesthesia 232 0.04 12.893 124 1992
6 Acupuncture in Medicine 197 0.07 1.976 48 1996
7 Evidence-Based Complementary and Alternative Medicine 187 0.01 2.65 100 2007
8 Acta Anaesthesiologica Scandinavica 172 0.07 2.274 112 1992
9 Lancet 170 0.06 202.731 807 1992
10 Cochrane Database of Systematic Reviews 158 0.03 11.874 292 2006

5. Conclusion

In this study, we used CiteSpace, VOSviewer, and other
visualization software to describe the research progress of
acupuncture anesthesia from 1992 to 2022, recent hotspots of
concern and exposed problems, provide references to predict
future development trends, and make suggestions for reflection.
These results indicate a steady increase in international
publications related to acupuncture anesthesia after 2005,
suggesting a growing research base in this field. With the change
in emphasis on the direction of perioperative acupuncture and
analgesia, research in this field is developing in a more favorable
direction. However, previous studies have faced challenges such
as inconsistent theories, unknown mechanisms, and low quality.
A core strength of research has yet to develop, and there is a
lack of common understanding and cooperation among
researchers, as well as a lack of high-quality basic research.
Nevertheless, these challenges reflect that research in this field
is currently in a transition stage of exploring and integrating
disciplinary knowledge more deeply, with a promising
future ahead.
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’Department of Neurosurgery, Dongsan Medical Center, Keimyung University School of Medicine,
Daegu, Republic of Korea

Introduction: This review compares the efficacy of video laryngoscopy (VL)
with direct laryngoscopy (DL) for successful tracheal intubation in critically ill or
emergency-care patients.

Methods: We searched the MEDLINE, Embase, and Cochrane Library databases
for randomized controlled trials (RCTs) that compared one or more video
laryngoscopes to DL. Sensitivity analysis, subgroup analysis, and network meta-
analysis were used to investigate factors potentially influencing the efficacy of VL.
The primary outcome was the success rate of first-attempt intubation.

Results: This meta-analysis included 4244 patients from 22 RCTs. After sensitivity
analysis, the pooled analysis revealed no significant difference in the success
rate between VL and DL (VL vs. DL, 77.3% vs. 75.3%, respectively; OR, 1.36;
95% Cl, 0.84-2.20; 12 = 80%; low-quality evidence). However, based on a
moderate certainty of evidence, VL outperformed DL in the subgroup analyses
of intubation associated with difficult airways, inexperienced practitioners, or
in-hospital settings. In the network meta-analysis comparing VL blade types,
nonchanneled angular VL provided the best outcomes. The nonchanneled
Macintosh video laryngoscope ranked second, and DL ranked third. Channeled
VL was associated with the worst treatment outcomes.

Discussion: This pooled analysis found, with a low certainty of evidence, that VL
does notimprove intubation success relative to DL. Channeled VL had low efficacy
in terms of intubation success compared with nonchanneled VL and DL.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_re
cord.php?RecordID=285702, identifier: CRD42021285702.

KEYWORDS

laryngoscopy, intubation, critical care, randomized controlled trial, network meta-
analysis
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1. Introduction

Endotracheal intubation (ETI) is important in life-threatening
situations involving hypoxia or unconsciousness, including in the
management of critically ill or emergency-care patients who require
airway protection (1, 2). The Macintosh laryngoscope for direct
laryngoscopy (DL) has been the preferred intubation approach for
a half-century, and it is frequently used in both in-hospital and
prehospital settings (3, 4). However, ETI success rates decrease
in association with difficult airways or emergency circumstances
(5-8), and intubation failure owing to the placement of the
endotracheal tube into the esophagus, for example, can worsen
the patient’s hypoxia and result in brain death and, eventually,
death (9). Therefore, attempts to increase ETT success rates and
decrease complications include the use of appropriate sedatives
and neuromuscular blockers, skilled and experienced personnel
managing difficult airways, simulation-based training, and care
bundles (10-12). Nonetheless, ETT failure may occur because of
several influencing factors and unpredictable circumstances.

Video laryngoscopy (VL) can be used in clinical practice as
an alternative to DL for ETI, wherein indirect assessment of the
glottal structure is possible using a small camera mounted to the
laryngoscope blade tip, as has been investigated in several studies
of VL outcomes and comparisons of VL vs. DL ETI success rates.
However, studies investigating various VL devices or different ETT
settings, such as prehospital (13-16), emergency rooms (2, 17,
18), intensive care units (3, 10), or operating rooms (19, 20),
have generated conflicting findings, especially comparative trials
of VL vs. DL for critically ill and emergency-care patients that
have contrasted with the findings associated with planned ETI
in the operating room (10, 21-23). A previous meta-analysis of
several cohort studies and three randomized trials determined
considerably higher ETT success rates associated with VL (24),
whereas a subsequent meta-analysis of only randomized trials
found no significant difference in ETT success between VL and DL
(1). The substantial heterogeneity revealed by the above-mentioned
review needs attention, as multiple devices were analyzed using
one-arm forced integration for the meta-analysis.

Lee et al. used a network meta-analysis (NMA) of various VL
devices in patients scheduled to undergo ETT for surgery to identify
the most effective devices; however, the comparison of too many
devices made it difficult for clinicians to determine the optimal
devices (25). Thus, a more comprehensive multi-arm analysis with
clustering of similar VL devices may be required to overcome
this issue.

Accordingly, in this review, VL devices were categorized
according to the laryngoscope blade, and an NMA was conducted
to compare VL with DL efficacy in ETI among critically ill or
emergency-care patients. The meta-analysis investigated factors
potentially influencing VL efficacy.

2. Methods

2.1. Protocol and registration
This review followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) statement for

reporting NMAs (26). The review protocol was registered with
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PROSPERO (CRD42021285702 available at: https://www.crd.york.
ac.uk/prospero/display_record.php?RecordID=285702).

2.2. Eligibility criteria

Randomized controlled trials (RCTs) were eligible for inclusion
if they compared one or more VL devices with DL or compared
two or more VL devices without DL for the oral insertion of
single-lumen endotracheal tubes in emergency-care or critically
ill adult patients. The adequacy of ETI for emergency-care
patients was evaluated in both the prehospital and in-hospital
settings. In intensive care units, ETT was deemed to have been
conducted on critically ill patients. Case reports, reviews, preprints,
conference abstracts, observational studies, pediatric patients,
cadaveric models, and manikin models were excluded, as were
surgical patients requiring ETI for general anesthesia or those
requiring urgent surgical airways, supraglottic airways, double-
lumen tube installation, or nasal intubation.

2.3. Information sources and search
strategy

An electronic search of the MEDLINE, Embase, and Cochrane
Library databases yielded relevant literature without language
restrictions, including articles published until October 31,
2022. Additional publications were identified by reviewing the
reference lists of the identified papers and relevant previously
published reviews. The full search strategy is provided in
Supplementary Table S1.

2.4. Article selection and data collection

Title and abstract screening were carried out independently by
two investigators (CA and JGK). The full texts of all potentially
relevant citations were reviewed for eligibility. Articles were
included in the review if they fulfilled the eligibility criteria
and had data for at least one outcome of interest. Non-English
papers deemed possibly relevant were evaluated for inclusion if
the full text could be translated. Any disagreements were resolved
through discussion. The same two investigators also independently
extracted data.

2.5. Outcome measures

The primary outcome was first-attempt ETT success. Data on
eligibility criteria, sample size, baseline characteristics of study
participants, and devices evaluated were retrieved.
2.6. Assessment of risk of bias

The risk of bias within the included studies was assessed—
using RoB 2 (Risk of Bias, version 2, Cochrane, London, UK)

(27)—in terms of the following categories: “risk of bias arising
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FIGURE 1
PRISMA flow chart depicting the disposition and selection of articles included in this systematic review and meta-analysis.

from the randomization process,” “risk of bias due to deviations
from the intended interventions, “
outcome data,” “risk of bias in measurement of the outcome,
and “risk of bias in selection of the reported result, with each

probably no,” or

risk of bias due to missing

» «

subcategory rated as “yes,
“no information.” Based on the overall quality rating standards

stated in RoB 2, the risk of bias was classified as “low;” “high,”
or “some concerns.” Disagreements, if any, were resolved through

» «

probably yes,” “no,

discussion. Publication bias across individual articles was examined
using funnel plots and Egger’s regression test (28).

2.7. Reporting guidelines and certainty of
evidence

The modified GRADE (Grades of Recommendation,
Assessment, Development, and Evaluation) tool for meta-analyses

was used to assess the quality of evidence (29). The following
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quality levels were assigned to the results: (1) high quality—further
research is very unlikely to change the confidence in the estimated
effect; (2) moderate quality—further research is likely to have
an important impact on the confidence in the estimated effect
and may change the estimate; (3) low quality—further research
is very likely to have an important impact on the confidence in
the estimated effect and is likely to change the estimate; and (4)
very low quality, where any estimated effect is highly uncertain.
We then used GRADE software (Evidence Prime, Hamilton, ON,
Canada) to create a GRADE-evidence profile table to assess these
outcomes as high, moderate, low, or very low quality.

2.8. Statistical analysis
Odds ratios (ORs) with 95% confidence intervals (CIs)

were estimated for dichotomous outcomes, and statistically
nonsignificant differences were indicated by ORs with 95% Cls

frontiersin.org


https://doi.org/10.3389/fmed.2023.1193514
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Kim et al.

that included 1. For subgroup analysis, continuous variables
were converted to dummy variables using the 50% standard as
follows: <50% vs. >50%. In cases of statistical heterogeneity (I2
>40%) or clinical heterogeneity, sensitivity analysis was performed
to investigate potential sources of heterogeneity by sequentially
eliminating individual articles using the Baujat plot (30). After
excluding an outlier article from the sensitivity analysis, subgroup
analyses for the primary outcome were performed based on
the following potentially heterogeneous factors: (a) study design:
single-center vs. multicenter; (b) study setting: prehospital vs. in-
hospital (intensive care unit and emergency room); (c) country:
non-Asian vs. Asian; (d) difficult airway proportion: <50% vs.
>50%; (e) intubators’ experience: inexperienced (nonphysician)
vs. experienced (physician); (f) rapid sequence intubation: yes vs.
no; and (g) the proportion of intubation during cardiopulmonary
resuscitation (CPR): <50% vs. >50%. The experienced group for
ETI was classified by the intubators’ experience based on the
standard criterion of physicians with sufficient ETI experience.
The inexperienced group included students, paramedics, nurses,
residents, and fellow trainees. Supplementary Table S2 contains
more information on these factors; articles with missing data
were excluded from the subgroup analysis. Meta-regression
was conducted for two potentially heterogeneous factors: study
recruitment start dates and sample sizes.

In the NMA of VL devices, DL with a Macintosh blade was
designated as the control, and VL devices were classified into
three categories according to their blades: nonchanneled Macintosh
devices, nonchanneled angular devices, and channeled devices.

The reference management software Endnote 20 (Clarivate
Analytics, Philadelphia, PA, USA) was used to organize all
identified articles from the literature search. Meta-analyses,
including the risk of bias assessment, sensitivity and subgroup
analyses, and meta-regression, were performed for the comparison
of VL and DL using R, version 4.2.1 (R Foundation for Statistical
Computing, Vienna, Austria) and the following R packages: meta,
metafor, and rmeta. A Bayesian NMA was performed using the
gemtc R package (31). A random-effects model was used when
impact size was pooled. The deviance information criteria and
I heterogeneity were used to assess the inconsistency of the
Bayesian NMA model (32). The best NMA model was obtained
by minimizing deviance information criteria and I? using Markov
chain Monte Carlo simulation. The rank probability was used
to rank each devices effectiveness and select the best device for
an outcome. Rank probabilities range from 0 to 1; the closer an
intervention’s rank probability is to 1, the more likely it ranks first
among available treatment options (33).

3. Results

3.1. Article selection and characteristics

In total, 4,639 articles were included after eliminating
duplicates. After the titles and abstracts were reviewed, a total of
169 papers were included for full-text review, after the exclusion
of documents that did not meet the objectives of this review
(Supplementary Table S3). The qualitative synthesis included 22
relevant articles (Figure 1) (2, 3, 10, 13, 15-18, 23, 34-46).
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Table I shows the characteristics of the included articles
comparing VL with DL, published from 2011 through 2021, with
sample sizes ranging from 40 to 623 participants. Of the 22 studies
included in this analysis, 4 were multicenter RCTs, while the
others were single-center studies. Six studies were conducted in
the prehospital setting, while the remaining 16 were carried out in
the intensive care unit or emergency department, representing an
in-hospital setting. ETT was performed by experienced operators
in 11 of the studies, while ETI was mainly conducted by
inexperienced operators in the remaining 11 studies. Sixteen
studies used rapid sequence intubation with sedatives or narcotics
and neuromuscular blockades during the intubation process. The
following nine VL devices were evaluated in this review: Airtraq
(Prodol, Vizcaya, Spain), Airwayscope (Nihon Kohden, Tokyo,
Japan), C-MAC (Karl Storz, Tuttlingen, Germany), Glidescope
(Verathon, Bothell, WA, USA), King Vision (Ambu, Copenhagen,
Denmark), McGrath (Medtronic, Dublin, Ireland), Olympus Video
Bronchoscope (Olympus, Tokyo, Japan), UEScope (UE Medical
Corp., Zhejiang, China), and VivaSight (ETView Ltd., Misgav,
Israel) (Supplementary Figure SI).

In the NMA comparing DL with VL, three VL device types,
based on their blades, were included: nonchanneled Macintosh
blades (C-MAC, McGrath, and UE scope), nonchanneled angular
blades (Glidescope), and channeled blades (Airtraq, Airwayscope,
and King Vision). The King Vision was only employed as a
channeled device in the included studies. However, the VivaSight
included in Grensemann’s 2018 article was excluded from the
NMA based on blade type because of its single-lumen tube
with an integrated video camera that could not be categorized
according to the criteria used in this review. The articles by Janz
et al. (39) and Macke et al. (16) were excluded from the NMA
because the VL devices could not be classified by the blade type
(Supplementary Table S2).

3.2. Risk of bias within studies

Regarding the overall risk of bias in each included study, 11
studies had low risk of bias, seven studies were categorized as
some concerns, and four studies had high risk. In the detailed
assessment of all subcategories, the randomization processes of
nine studies were rated as some concerns or high risk of bias
because detailed descriptions of the randomization processes were
omitted. Additionally, the deviations from intended interventions
of three studies were classified as some concerns because it was
unclear whether the exclusions of some members of the study
populations occurred before or after randomization. Details of
the quality assessments of the included studies are shown in
Supplementary Figure S2.

3.3. Publication bias across studies

Supplementary Figure S3 presents a funnel plot indicating
that the first-pass success comparison between VL and DL was
balanced. Egger’s regression test revealed no significant bias across
studies (p = 0.28).
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TABLE 1 Characteristics of the studies included in the review and meta-analysis.

References Study Setting Country Recruitment Patients,  Laryngoscope Difficult Intubators’ Sedatives  Muscle Intubation
i i \| experience in RSI relaxants durin
design ((JETe[S)] P .
Trimmel et al. (34) sRCT Prehospital Austria 2008-2009 212 Airtraq (C) vs. DL <50% Experienced Used Used <50%
Griesdale et al. (35) sRCT ICU Canada 2009-2011 40 Glidescope (A) vs. DL <50% Inexperienced Used Used <50%
Yeatts et al. (36) sRCT ER Us 2008-2010 623 Glidescope (A) vs. DL Unknown Inexperienced Used Used <50%
Arima etal. (37) sRCT Prehospital Japan 2012-2013 118 Airwayscope (C) vs. <50% Experienced Not used Not used >50%
DL
Ahmadi et al. (38) sRCT ER Tran 2011 97 Glidescope (A) vs. DL >50% Inexperienced Unknown Unknown <50%
Silverberg et al. (3) sRCT ICU Us 2012-2013 117 Glidescope (A) vs. DL <50% Inexperienced Used Used <50%
Driver et al. (18) sRCT ER UsS 2011-2013 198 C-MAC (M) vs. DL <50% Inexperienced Used Used <50%
Goksu et al. (23) SRCT ER Turkey 2013-2014 150 C-MAC (M) vs. DL Unknown Inexperienced Used Unknown <50%
Janz et al. (39)* sRCT ICU us 2014-2015 150 McGrath (M), <50% Inexperienced Used Used <50%
Glidescope (A), and
Olympus
bronchoscope™* vs
DL
Kim et al. (17) sRCT ER South Korea 2011-2013 140 Glidescope (A) vs. DL Unknown Experienced Not used Not used >50%
Sulser et al. (2) sRCT ER Switzerland 2014-2015 147 C-MAC (M) vs. DL <50% Experienced Used Used <50%
Trimmel et al. (15) mRCT Prehospital Austria Norway 2011-2012 326 Glidescope (A) vs. DL <50% Experienced Used Used >50%
Ducharme et al. (40) mRCT Prehospital Us 2014-2016 82 KingVision (C) vs. DL <50% Inexperienced Not used Not used >50%
Lascarrou et al. (10) mRCT ICU France 2015-2016 365 McGrath (M) vs. DL <50% Inexperienced Used Used <50%
Abdelgalel et al. (41) sRCT ICU Egypt 2016-2017 120 Airtraq (C) vs. Unknown Experienced Used Used <50%
Glidescope (A) vs. DL
Gao et al. (42) sRCT ICU China 2014-2016 163 UEScope (M) vs. DL <50% Experienced Used Not used <50%
Grensemann et al. sRCT ICU Germany 2016-2018 53 VivaSight*** vs. DL Unknown Experienced Used Used <50%
(43)7
Kreutziger et al. (13) mRCT Prehospital Austria 2017-2018 514 McGrath (M) vs. DL <50% Experienced Used Used >50%
Dey et al. (44) sRCT ICU India 2017-2018 218 C-MAC (M) vs. DL Unknown Experienced Used Used <50%
Macke et al. (16)* sRCT Prehospital Germany 2017-2019 152 C-MAC (M or A) vs. >50% Experienced Unknown Unknown >50%
DL
Ilbagi et al. (45) sRCT ER Tran 2016-2018 70 Glidescope (A) vs. DL <50% Inexperienced Used Used <50%
Sanguanwit et al. (46) sRCT ER Thailand 2015-2016 158 Glidescope (A) vs. DL <50% Inexperienced Unknown Unknown <50%

The meta-analysis and network meta-analysis included all of the listed articles except those indicated with asterisks (*). The network meta-analysis compared video laryngoscope blades investigated in the studies.

*These studies were excluded from the network meta-analysis because the video laryngoscopes used could not be classified according to blade type.

**Could not be classified by blade because a fiberoptic video bronchoscope was used.
***Could not be classified by blade because an endotracheal tube with an integrated camera at the tip was used.

sRCT, single-center randomized controlled trial; mRCT, multicenter randomized controlled trial; ER, emergency room; CPR, cardiopulmonary resuscitation; ICU, intensive care unit; RS, rapid sequence intubation; A, nonchanneled angular blade; C, channeled blade;

M, nonchanneled Macintosh blade; DL, direct laryngoscope.
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A
VL DL
Study Events Total Events Total Odds Ratio OR 95%-ClI
Single-center i
Trimmel 2011 50 106 105 106 ——— 5 0.01 [0.00; 0.06]
Griesdale 2012 8 20 7 20 —— 1.24 [0.34; 4.46]
Yeatts 2013 242 303 259 320 : 0.93 [0.63; 1.39]
Arima 2014 26 56 40 53 —=— 0.28 [0.12; 0.64]
Ahmadi 2015 45 49 36 48 —— 3.75 [1.11; 12.62]
Silverberg 2015 41 57 24 60 (s 3.84 [1.77; 8.34]
Driver 2016 98 103 78 95 —— 4.27 [1.51;12.09]
Goksu 2016 56 75 44 75 e 2.08 [1.04; 4.16]
Janz 2016 51 74 50 76 - 1.15 [0.58; 2.28]
Kim 2016 67 71 60 69 £ 2.51 [0.74; 8.58]
Sulser 2016 73 74 73 73 —_— 0.33 [0.01; 8.32]
Abdelgalel 2018 75 80 58 80 ¢ —— 5.69 [2.03; 15.93]
Gao 2018 55 81 57 82 -+ 0.93 [0.48; 1.80]
Grensemann 2018 25 26 25 27 e 2.00 [0.17; 23.49]
Dey 2020 91 108 63 110 5 = 3.99 [2.10; 7.58]
Macke 2020 72 76 60 76 e 4.80 [1.52; 15.13]
libagi 2021 25 35 22 35 e 1.48 [0.54; 4.03]
Sanguanwit 2021 57 78 47 80 feee— 1.91 [0.98; 3.72]
Random effects model 1472 1485 )\f> 1.54 [0.88; 2.70]
Heterogeneity: /2 = 80%, 1% = 1.1394, p < 0.01
Multicenter
Ducharme 2017 26 45 27 37 —t 0.51 [0.20; 1.29]
Lascarrou 2017 126 183 130 182 ~|—( 0.88 [0.56; 1.38]
Kreutziger 2019 211 267 205 247 = 0.77 [0.50; 1.20]
Random effects model 495 466 N 0.79 [0.58; 1.06]
Heterogeneity: 1> = 0%, 1 = 0, p = 0.57 i
Random effects model 1967 1951 5> 1.36 [0.84; 2.20]
Heterogeneity: /2 = 80%, t* = 0.9653, p < 0.01
Test for subgroup differences (random effects): 0.01 0.1 1 10 100
2 =4.29,df=1 (p =0.04) Favours DL Favours VL
B
VL DL

Study Events Total Events Total Odds Ratio OR 95%~-Cl
Difficult airway < 50 %
Trimmel 2011 50 106 105 106 ———— 0.01 [0.00; 0.06]
Griesdale 2012 8 20 7 20 —— 1.24 [0.34; 4.46]
Arima 2014 26 56 40 53 —a— 0.28 [0.12; 0.64]
Silverberg 2015 41 57 24 60 —B— 3.84 [1.77; 8.34]
Driver 2016 98 103 78 95 —=— 4.27 [1.51;12.09]
Janz 2016 51 74 50 76 -5 1.15 [0.58; 2.28]
Sulser 2016 73 74 73 73 —_— 0.33 [0.01; 8.32]
Ducharme 2017 26 45 27 37 — 0.51 [0.20; 1.29]
Lascarrou 2017 126 183 130 182 ; 0.88 [0.56; 1.38]
Gao 2018 55 81 57 82 5 0.93 [0.48; 1.80]
Kreutziger 2019 211 267 205 247 0.77 [0.50; 1.20]
libagi 2021 25 35 22 35 —+— 1.48 [0.54; 4.03]
Sanguanwit 2021 57 78 47 80 b 1.91 [0.98; 3.72]
Random effects model 1179 1146 <> 0.87 [0.45; 1.70]
Heterogeneity: /2 = 80%, t2 = 1.2140, p <0.01
Difficult airway 2 50 %
Ahmadi 2015 45 49 36 48 — 3.75 [1.11;12.62]
Macke 2020 72 76 60 76 — 4.80 [1.52;15.13]
Random effects model 125 124 < 4.27 [1.86; 9.84]
Heterogeneity: /2 = 0%, =0, p = 0.77
Random effects model 1304 1270 1.06 [0.56; 2.01]
Heterogeneity: /2 = 80%, <> = 1.2807, p <0.01

0.01 0.1 1 10 100
Testfor subgroup differences (random effects):
12=8.52,df=1(p<0.01) Favours DL Favours VL

FIGURE 2
Forest plot depicting the subgroup analysis for (A) study design and (B) difficult airway.
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Network map (A) and forest plot (B) of the network meta-analysis of first-attempt intubation success.

3.4. Synthesis of first-attempt success
results

Data on first-attempt success rates were provided for all
22 included studies. A pooled analysis revealed no statistically
significant difference in the first-attempt success rates between
VL and DL (22 studies; OR, 1.16; 95% CI, 0.66-2.03; n = 4,244;
p = 0.62), with significant heterogeneity among studies (p < 0.01;
12 =85%; Supplementary Figure S4).
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3.5. Sensitivity analysis

An outlier article by Trimmel et al. (34) caused the most
heterogeneity and, in comparison with most of the other articles,
the article by Trimmel et al. (34) yielded considerably dissimilar
outcomes, with lower VL success rates and higher DL success
rates. Pooled analysis revealed no significant difference in the first-
attempt success rate between VL and DL after eliminating the
outlier study from the sensitivity analysis (21 studies; success rate,
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VL vs. DL, 77.3% vs. 75.3%, respectively; OR, 1.36; 95% CI, 0.84-
2.20; n = 3,918; p = 0.20; low-quality evidence), with significant
study heterogeneity (p < 0.01; 1> = 80%; Supplementary Figure S4).

3.6. Subgroup analyses

After sensitivity analysis, 21 studies underwent subgroup
analyses to compare first-attempt intubation success between
VL and DL. Significant heterogeneity within studies was only
apparent in terms of two factors: study design and difficult airway
proportion. The heterogeneity-producing effect of study design was
compared between single-center studies (18 studies; n = 2,957;
OR, 1.54; 95% CI, 0.88-2.70; low-quality evidence) and multicenter
studies (three studies; n = 961; success rate, VL vs. DL, 73.3%
vs. 77.7%, respectively; OR, 0.79; 95% CI, 0.58-1.06; high-quality
evidence; Figure 2A). This showed that the pooled outcome of
multicenter RCTs was more consistent than that of single-center
RCTs (I? heterogeneity: single center vs. multicenter, 80% vs. 0%,
p = 0.04). After excluding six articles that did not report the
proportions of difficult airways, the subgroup analysis for difficult
airways included 15 studies, with a significant heterogeneity effect
in the comparison of difficult airway proportions between <50%
and >50% (p <0.01). Most studies included <50% difficult airways,
and the pooled results showed that VL had the same success rate
as DL (13 studies; n = 2,325; OR, 0.87; 95% CI, 0.45-1.70; I> =
80%; low-quality evidence). In contrast, pooled results from studies
including >50% difficult airways showed a higher success rate for
VL than DL (two studies; n = 249; success rate, 93.6% vs. 77.4%;
OR, 4.27; 95% CI, 1.86-9.84; I = 0%; moderate-quality evidence;
Figure 2B).

Other factors suspected of causing heterogeneity were
intubators’ experience (inexperienced vs. experienced, p = 0.48),
rapid sequence intubation (yes vs. no, p = 0.32), and the proportion
of intubation during CPR (<50% vs. >50%, p = 0.45). VL was
associated with a higher success rate than DL, with moderate-
quality evidence, when used by inexperienced nonphysicians (11
studies; n = 2,050; success rate, 75.8% vs. 70.4%; OR, 1.54; 95%
Cl, 1.04-2.26; I2 = 64%) or in-hospital settings (16 studies; n =
2,849; success rate, 80.1% vs. 72.1%; OR, 1.86; 95% CI, 1.32-2.64;
I = 65%).

In the analysis using meta-regression, the recruitment
start dates and sample sizes were not significant (21
studies; recruitment period, p = 0.11; sample size, p = 0.40;
Supplementary Tables 4, S5).

3.7. NMA by blade type

The effect of VL blade type for the first-attempt intubation
success was evaluated using Bayesian NMA (18 studies; n =
3,563) for three VL blade types: nonchanneled Macintosh VL vs.
nonchanneled angular VL vs. channeled VL; DL as a reference
treatment). The best Bayesian NMA model in this comparison
was obtained to minimize inconsistency (deviance information
criterion = 72.2; 12 = 6%).
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TABLE 2 Rank probability of laryngoscope blade efficacy.

Laryngoscope blade Rank probability
Ist 2nd 3rd

DL 0.017 0.238 0.727 0.018

Nonchanneled Macintosh VL 0.311 0.472 | 0.195 0.022

Nonchanneled Angular VL 0.669 | 0278 0.050 | 0.003

Channeled VL 0.003 0.012 0.028 0.958

DL, direct laryngoscope; VL, video laryngoscope. The bold values are the highest value among
the each column.

The network graph for first-pass success revealed that three
types of VLs and DL could be directly compared. There was only
one indirect comparison between channeled VL and nonchanneled
angular VL in the VL intercomparison (Figure 3A). Figure 3B
shows that the nonchanneled Macintosh and angular blades of
nonchanneled VL had an intubation success rate similar to that
of DL (nonchanneled Macintosh VL, OR, 1.50; 95% CI, 0.51-4.12;
nonchanneled angular VL, OR, 2.03; 95% CI, 0.80-5.37). However,
channeled VL had a relatively lower intubation success rate than
DL (OR, 0.28; 95% CI, 0.08-1.02). In a VL intercomparison,
nonchanneled angular VL had a significantly higher intubation
success rate than channeled VL (OR, 7.24; 95% CI, 1.56-35.0).

According to the rank probability test results in Table 2,
the nonchanneled angular VL had the best outcome (0.669),
the nonchanneled Macintosh VL was ranked second (0.472),
and DL third (0.727). The fourth-ranked treatment (0.958) was
channeled VL.

4. Discussion

This pooled analysis found, with a low certainty of evidence,
that VL, compared with DL, does not improve ETI success in
critically ill or emergency-care patients. This finding was supported
by pooled results from multicenter RCTs with a high certainty of
evidence via sensitivity and subgroup analyses. Using a subgroup
approach, we found that VL outperformed DL in association
with difficult airways, inexperienced practitioners, and in-hospital
settings, with a moderate certainty of evidence. The patient’s airway
status, intubator experience with laryngoscopes, and intubator
surroundings were all significantly associated with ETI success in
the evaluation of VL efficacy. In the selection of VL for ETI, this
study revealed that channeled VLs had a lower efficacy of ETI
success compared with nonchanneled VLs and DL.

VL has advantages for use in the intubation of patients
with difficult airways; however, in this review, only a few
studies had a high proportion (>50%) of difficult airways,
and most of the included studies included a relatively low
number of difficult airways (Figure2), which is the main
reason for the equivalent results of VL and DL. Moreover,
it might be challenging to include mainly patients who have
difficult airways with a high risk of ETI failure in each RCT.
Thus, the pooled result of this review may have differed
if more studies with high proportions of difficult airways
were included.
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This review did not demonstrate that differences
in ETI providers levels of experience could affect the

success of laryngoscopy (test for subgroup difference in
Supplementary Figure S5; experienced vs. inexperienced group,
p = 0.48). VL showed equal ETT performance in the experienced
group (success rate: VL, 745/945 (78.8%); DL, 746/923 (80.8%);
OR, 1.00; 95% CI, 0.33-3.09; I> = 87%), but outperformed
DL in the inexperienced intubator group, with a moderate
certainty of evidence [success rate: VL, 775/1,022 (75.8%); DL,
724/1,028 (70.4%); OR, 1.54; 95% CI, 1.04-2.26; 12 = 64%]. The
similarities in the ETI success rates of DL and VL in the total
population and experienced group were possibly attributable to
an imbalance in ETI experience between VL and DL providers.
This implies a significant gap between DL providers’ sufficient
ETT experience and VL providers insufficient experience. Most
of the included studies revealed that ETI experience for VL
providers was limited to manikin training rather than actual
patients (Supplementary Table S2) (34, 42, 44). This disparity in
ETI experience may cause the DL-associated ETI success rate
to be higher than the VL-associated success rate. Some studies
with high heterogeneity in the Baujat plot demonstrated this
effect, wherein experienced intubators performed ETIs in the
prehospital setting, resulting in an apparently higher rate of
ETT success with DL than with VL (Supplementary Figure S4)
(15, 34, 37). When interpreting the pooled results of this
meta-analysis, consideration of the hidden disparity in ETI
experience, rather than an exclusive focus on statistical results,
is crucial.

Channeled VL had a lower success rate in an NMA relative
to nonchanneled VLs and DL. The obvious structural difference
between channeled VL and DL could be the primary reason
for the lower success rate of channeled VLs. Nonchanneled VL
has structural similarities to DL, as well as the use of a stylet
in combination with the endotracheal tube. However, ETI using
channeled VL can be unfamiliar because it is an alternative
ETI procedure without stylet use. The channeled VL blade is
slightly thicker than that used in DL to guide the advancement
of the tracheal tube during ETI, and this likely increases the
difficulty of ETI in patients with narrow or restricted oral
cavities (37, 47). Given the intubators’ considerable familiarity
with DL, the unfamiliar structure and lack of VL experience
could be the primary reasons for the channeled VILs lower
ETI performance.

There was no statistical difference in ETI between VL and DL
in the total population (OR 1.16, CI 0.66-2.03), and heterogeneity
was high (> = 85%); thus, the certainty of evidence was low.
Sensitivity analysis, subgroup analysis, and meta-regression were
used to reduce heterogeneity and obtain more consistent results.

In the sensitivity analysis, omitting the 2016 article by
Trimmel et al. (15) significantly reduced the heterogeneity
of the pooled results (up to I> = 80%, p < 0.01). The study
by Trimmel et al. (15) contributed the most heterogeneity,
according to the Baujat plot, indicating that this study was
a significant outlier and demonstrating DLs higher success
rate relative to that of VL (Supplementary Figure S4). Thus,
the greater experience of practitioners in Trimmels 2016
study (a mean of 7 years of anesthesiology experience)
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compared with other included studies, as well as

ground and air ambulance prehospital settings
ETI was performed, were the main reasons for its role as a
significant outlier.

We anticipated that the intubator surroundings would affect
VL efficacy. VL performed similarly to DL in the prehospital
setting, but it outperformed DL in the in-hospital setting.
Despite the fact that this subgroup categorization was not
associated with statistical significance (p = 0.10), differences
in intubator surroundings could affect ETI performance. Most
prehospital studies reported the following unique reasons for
ETI failure in VL: impaired sight due to ambient light,
fogged camera lenses, and monitor problems. Furthermore,
these studies revealed a high rate of arrest, ETI during CPR,
oral contamination, and cervical immobilization in trauma
patients (13, 34, 40). We predicted that these characteristics
of prehospital surroundings would be more detrimental to VL
than DL.

Sensitivity analysis, subgroup analysis, and meta-regression
did not significantly help reduce heterogeneity, mostly owing
to the high rate of single-center RCTs. Differences between
recruited hospitals, such as the severity of patients’ conditions,
hospital size or capacity, and clinicians’ skill or experience,
may have influenced the results of the pooled analysis.
The pooled analysis of multicenter RCTs showed consistent
results with a high certainty of evidence (three studies; »
= 961; OR, 0.79; 95% CI, 0.58-1.06; I> = 0%; Figure 1,
Supplementary Table S4). Thus, more multicenter RCTs are
needed to obtain reliable results.

This meta-analysis yielded the same conclusion as a previous
meta-analysis by Jiang et al.. VL was not related to a higher
success rate compared with DL in the total population (1). Jiang
et al. also reported that prehospital intubation is worsened by
VL use even when it is performed by experienced operators.
However, this pooled result differed from our analysis. By adding
more recently completed studies, we demonstrated VL to be
equally successful as DL in the prehospital ETT or experienced
intubator group (1), possibly due to the definition of an
experienced intubator.

Regarding ETI experience among intubation providers,
Jiang et al. included inconsistent criteria for experienced
operators (including certified anesthesiologists, emergency medical
technicians with >3 years of clinical experience, personnel who
performed >50 ETIs, or according to the judgment of the study
investigators), and these were primarily related to DL and did
not depend on experience with ETI using VL. In contrast to
the study conducted by Jiang et al. (1), experienced intubators
in the present analysis were designated as physicians with
sufficient experience, whereas the inexperienced group included
students, paramedics, nurses, residents, and fellow trainees.
Although this definition did not completely standardize the
difference in intubator experience between DL and VL providers
in each of the included studies, it likely lessened the significant
heterogeneity of analysis caused by ambiguous criteria defining
experienced intubators.

Vargas et al. recently published a systematic review and meta-
analysis demonstrating that VL increased the rate of successful
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ETT on the first attempt relative to the rate achieved with DL
(RR 1.04, 95% CI, 1.01-1.08, I> = 79%) (48). Vargas et al.
reported that VL outperformed DL in overall results, but their
study included a different population than our review because
they included surgical patients but excluded those who needed
prehospital ETT or ETI during CPR. Therefore, the population
differences between these studies may have affected the pooled
results (49). During CPR, the camera view of a VL may frequently
become obscured due to fogging, secretions, blood, or emesis
present in the oropharynx. Consequently, the success rate of
ETI using a VL during CPR may be considerably lower in
comparison to that achieved using a DL (50). Moreover, in
the prehospital setting, where airway management procedures
may be conducted outdoors, the presence of sun glare can also
impede the successful ETI (51). It is, therefore, plausible that
these differences among the studies may have influenced the
pooled results.

We believe that this study revealed a scarcity of articles
demonstrating the true efficacy of VL because there was a
significant gap in ETI experience between VL and DL. The lack of
experience for VL is strongly related to the current status of VL,
which is only used as a rescue device in difficult airways. This is
seriously impeding the accumulation of VL intubating experience
(52). This study’s VL inexperience is synthesized as a lack of
training, familiarity, confidence as a result of occasional use, and
knowledge of ETI indication. Because the factors mentioned are
significantly associated with insufficient years of ETI experience,
years of ETI experience is regarded as the most important factor
for ETI success. We also believe that the absence of support
from a well-trained technician or nurse outside of the hospital
is a major factor impeding overall ETI success. To address this
issue, some recent articles suggest that a shift from DL to VL
as a legal standard of care is necessary, which can help increase
ETT success rates as well as VLs rapid accumulation of experience
(50, 51). In this context, future trials by expert clinicians with
sufficient real-world experience in both VL and DL, such as non-
channeled angular VL showing the best performance in the rank
probability test, can thus demonstrate the true efficacy of VL in
difficult airways.

Several previous studies have reported that VL improves the
first-pass success rates and reduces the risk of ETI failure in
patients with difficult airways (50, 51). In the subgroup analysis
of the present meta-analysis, which included only two studies, the
pooled results of studies with >50% difficult airways demonstrated
a higher success rate for VL than for DL. In the rank probability
of laryngoscope blade efficacy, two VL (nonchanneled angular VL
and nonchanneled Macintosh VL) was ranked first and second
devices respectively, in contrast, DL was ranked third devices. VL
has been shown to be advantageous in managing difficult airways
by providing better visualization of the airway structures, which can
result in more successful ETI and fewer complications. Although
in the ETI trial, VL may have been designated as a backup device,
the results of our analysis suggest that VL could be considered
as one of the primary tools for ETI in patients with predicted
difficulty airway.

There are several limitations to this review and meta-analysis.
First, our study aimed to establish a strict standard for ETI
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experience to minimize heterogeneity; however, this standard did
not entirely eliminate the heterogeneity results. The measures of
ETI experience, such as manikin training, clinical department
experience, and ETT times threshold, varied among the included
studies for both DL and VL. Furthermore, in the context of
VL experience, a shortage of training time with VL and the
use of manikins during training may have contributed to the
lower success rate observed with VL. To improve the outcomes
and heterogeneity of future RCTs, it is necessary to resolve
these potential confounding factors. Second, rather than a fixed
model, we used a random-effects model to account for the
diverse medical resources or environments; however, a random-
effects model cannot completely resolve hidden heterogeneity
issues, including information gaps and selection bias. Third, most
of the studies included in this meta-analysis did not provide
sufficient information regarding the patients’ disease, therefore, the
assessment of the severity of their condition was not evaluated
in this meta-analysis. Although time to ETI was not the primary
outcome in this meta-analysis, it may be a crucial factor in
patients with poor oxygen reserves or high oxygen demands, such
as those with sepsis. In these patient populations, who present
with physiological challenges, selecting the laryngoscope device
that offers the highest success rate and the shortest time to
ETI should be chosen. Finally, the population included in this
study exhibits a substantial degree of heterogeneity, characterized
by variations in disease severity, difficult airway, ETI location
(pre-hospital or in-hospital), ETT during CPR, the presence of
additional support during ETT such as a nurse, and the type of
laryngoscopes employed. This diversity is reflected in the calculated
heterogeneity. the quality of evidence supporting the comparison
of multiple devices is considered low. Given these limitations of
this study, the findings of the meta-analysis should be interpreted
with caution.

5. Conclusion

This pooled analysis showed, with a low certainty of evidence,
that VL does not improve intubation success compared with
DL; however, VL outperformed DL in the contexts of difficult
airways, inexperienced ETI providers, and in-hospital settings, with
a moderate certainty of evidence. Channeled VL had the least
efficacy for intubation success compared with nonchanneled VLs
and DL.
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Objective: This study aimed to analyze the correlation between PICC tip
position and weight/length changes in preterm infants in different positions
using ultrasonography.

Methods: The study is a prospective before and after self-control clinical trial.
The study analyzed the distance between the PICC tip and the entrance of the
heart under ultrasonography for premature infants who underwent PICC insertion.
The infants were positioned and tracked weekly, and their weight and length were
recorded. The Spearman rank correlation test was used to analyze the relationship
between the displacement distance of the PICC tip under ultrasonography in
different positions and weight/length changes.

Results: A total of 202 premature infants were included in the study, and 100%
of them experienced changes in the PICC tip position. During the first week, 134
(66.33%) cases in a flexed position and 153 (75.74%) cases in a straight position
showed displacement of the catheter toward the heart. The displacement distance
of the tip during catheter retention was significantly correlated with weight change
(rs =0.681/0.661, P < 0.05) and length change (rs = 0.629/0.617, P < 0.05). In the
third and fifth weeks, weight increased by 451 + 178 and 750 (715-975) g, length
increased by 1.50 (1.00-2.12) and 3.00 (2.00-3.70) cm, the catheter moved 1.27
4+ 0.89 and 2.23 £+ 0.95cm, respectively, in a flexed position.

Conclusion: The PICC tip position in preterm infants is influenced by weight
and length changes. It is crucial to use ultrasonography to track and locate the
catheter within the first week of placement and to increase the frequency of
catheter localization starting from the third and fifth weeks. The flexed position
is recommended during catheter localization.

KEYWORDS

ultrasonography, location, premature infant, peripherally inserted central catheter,
weight, length, position
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Introduction

A peripherally inserted central catheter (PICC) is a technique
for inserting a catheter through peripheral veins so that the catheter
tip is placed in the superior vena cava (SVC) or inferior vena
cava (IVC) to establish a safe and stable infusion pathway. The
PICC has the characteristics of safety, long retention time, and
low associated infection rate, providing ideal venous access for
newborns, especially for premature infants with a severe nutritional
deficiency (1). During the indwelling catheter, ensuring the catheter
tip within the vena cava is critical because malposition may induce
adverse outcomes such as infectious endocarditis, atrial fibrillation,
and pleural effusion (2-4). Therefore, it is necessary to regularly
track and locate the PICC tip in premature infants from the first
location to prevent displacement (5).

Currently, PICC positioning mainly includes body surface
measurement, intracavitary ECG, chest radiography (CR), and
ultrasonography (US). The body surface measurement method and
intracavitary ECG positioning are only used for the first catheter
placement, and cannot continuously track the catheter position
(6, 7), while CR has been considered the “gold standard” for
confirming the sites of catheter tips, it has several drawbacks such
as non-dynamic and retrospective imaging, ionizing radiation, and
longer time consumption (8). The traditional operation process did
not locate and track the PICC during the indwelling catheter. In the
case of suspected complications, the CR would be used for location
judgment. However, due to the problem of the clinical use of CR,
the implementation of PICC location and tracking was hindered.
At this time, the advantages of PICC tip location and tracking
under US were also highlighted (9-11). Research shows that US
can not only clearly display the position of the PICC tip in the vena
cava (12) but it also can timely detect and guide the correction of
catheter ectopic (13, 14). US can directly display the superior and
inferior vena cava and its right atrium entrance, which provides a
basis for accurately determining the position of the catheter tip in
the vena cava (15).

The catheter displacement of premature infants is caused by
body length and weight growth. Weight and length are the most
intuitive indicators to measure growth, and the measurement is
simple and accurate (16, 17). Studying the correlation between
the change of catheter tip position in different body positions
will help to provide the theoretical basis for the tracking of PICC
catheter position. However, only a few studies have reported on the
application of US in the neonatal intensive care unit (NICU).

Hence, in this study, we enrolled a consecutive series of 210
premature infants, aiming to understand more about the values
of US in tracking and locating the position of catheter tip under
different body positions.

Methods

Estimation of sample size

We used the “Confidence Intervals for Kappa” in PASS15
software to estimate the sample size of this study. According
to clinical results, the

experience and pre-experimental

kappa coefficient is about 0.806, and its standard deviation
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is 0.12. If the class I error of the relevant parameters is
set as 0.05 (o = 0.05) with an allowable error of 0.05
(3 = 0.05), the calculated sample size is 89 children.
With the addition of 10% sample loss, at least 98 patients
are required.

Participants

Premature infants who were hospitalized in the Department of
Neonatology, Children’s Hospital Affiliated to Chongqing Medical
University from September 2022 to March 2023, and needed
PICC catheterization were selected as the study subjects. The
inclusion criteria were as follows: [J premature infants requiring
PICC catheterization; [J the physical condition of the infant
able to withstand US examination; [J the bleeding and clotting
time being normal; [0 no serious contraction or collapse of
peripheral blood vessels; [ PICC retention time >1 week; and
O parents are informed and signed informed consent. The
exclusion criteria were as follows: J congenital heart disease or
other cardiovascular diseases; [J immunodeficiency disease; [
severe intestinal inflation, unable to determine the position of
catheter tip; [J the local skin of the ultrasonic observation window
being incomplete, with skin lesions or infection; and U transfer,
abandonment of treatment, or death. This study was approved by
the hospital ethics committee (2022-369); Clinical trial registration
number (ChiCTR220064003).

Placement of PICC

PICC placement was performed by two nurses with
PICC operation qualification. Briefly, the neonate was placed
in an incubator. Catheterization was performed with a
puncturing kit containing 26 GA (1.9F) single-lumen PICC
catheters according to the neonatal PICC catheterization
operation specifications.

According to the specifications, it should be avoided placing
the catheter tip in the heart of neonates and infants (15). The
optimal tip position complied with the recommendation of the
2016 guidelines by the American Infusion Nurses Society (INS),
i.e, the safest PICC tip should be located within the lower
third of SVC or just below the IVC-and-right-atrial junction

(3,18, 19).

Locating catheter tips by US

US is conducted under a LOGIQ e color Doppler ultrasonic
diagnostic system (6S and 8C probes, GE company, USA) by
two research members who have at least 5 years of experience
in ultrasonic PICC positioning. The ultrasonic probe was set
at the midline of the subxiphoid region or at the parasternal
line of the right subclavicle region. A hyperechoic “equal sign’-
like or sandwich-like structure would be detected within the
vena cava, which represents the inserted line. In detail, for
clearly viewing the “equal sign” like echoes of the catheter tip
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FIGURE 1
PICC ultrasonic imaging of vena cava. (A) Superior vena cava (red arrow). (B) Inferior vena cava (yellow arrow).

NICU admissions during study period( n=1816 )

Did not meet inclusion criteria(n=1606)
Gestational age>37 weeks (n=873)
|  PICC catheter not used(n=598)
Parental opposition or lack of information(n=109)
Other(n=26)

Assessed for eligibility(n=210 )

Excluded (n=8)
> Go to another department (n=7)

Abandon treatment (n=1)

Analyzed Test group (n=202)

FIGURE 2
Flowchart of the study population

in SVC, the probe was placed longitudinally at the 2nd—3rd
intercostal spaces on the right of the sternum to delineate the
long axis of the aortic arch and the short axis of SVC and then
rotated clockwise for about 15° and tilted slightly to the right
to show the long axis of SVC and the right atrial entrances of
SVC and IVC (Figure 1A). Subsequently, the distance between
the tip and the right atrial inlet was measured, and improper
tip position was US-guided readjusted. For clearly viewing the
“equal sign”-like echoes of the catheter tip in IVC, the probe
should be placed longitudinally at the midsagittal position of
the subxiphoid region and scanned along the inferior rib to
delineate the IVC and right atrial inlet (Figure 1B). The tip-
to-atrium distance was measured, and improper tip position
was readjusted.

Frontiersin Medicine

Observation and analysis

The puncture site, the distance between the catheter tip and
the right atrium inlet, was measured under US on the day
of catheterization and every other week after catheterization.
Recording the weight and length at the time of the PICC catheter
was done every week, and the increase in weight and length
after inserting the PICC catheter was calculated. To calculate the
correlation between the increase in weight and length of premature
infants and the displacement distance of the PICC tip, all data
were entered by two PICC specialist nurses, and the results with
differences were reviewed and agreed upon by two people. Two
people will input all data into the computer, and all electronic data
will be checked by a third person.

Statistics

In this study, SPSS 24.0 software was used to statistically process
the data. The counting data is expressed in cases and percentage
(%). The measurement data conforming to normal distribution are
described by mean =+ standard deviation, and the measurement
data of non-normal distribution are expressed by median and
quartile spacing; The correlation between weight gain and length
growth and PICC tip shift was analyzed by the Spearman rank
correlation analysis, and a P-value of <0.05 was considered to be
a statistically significant difference.

Results

Patients
A total of 1,816 newborn infants were screened between

September 2022 to March 2023, of which, 1,606 did not meet
inclusion criteria, including 873 of gestational age (GA) > 37
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TABLE 1 Conditions of catheter retention period.

Min and

Median and
interquartile
spacing

max

Catheter retention time (days) 8-49 15 (11-20.25)
Weight gain (g) —250 to 1,660 230 (100-370)
length growth (cm) 0-7 1(1-2)

PICC tip displacement in —1.28 to 4.05 0.33 (—0.2to 1.03)
flexion position (cm)

PICC tip displacement in —2.0to 3.41 0.09 (—0.41 to 0.70)

straight position (cm)

weeks; thus, 598 PICC catheters were not used, 109 parents of
preterm infants declined to participate, and 26 are excluded for
other reasons. Finally, 210 premature infants enrolled, of which
eight of them dropped out (seven were transferred to another
department and one abandoned treatment). Finally, 202 finished
the study before and after self-control trials and were included
in the final analysis (Figure 2). The number of involved preterm
infants reached the calculated sample size.

Of the included neonate, 121 were boys and 81 were girls.
A total of 69 cases received invasive mechanical ventilation, 101
received non-invasive mechanical ventilation, and 32 were not
on a ventilator. Upper limb catheterization was performed in 11
cases, including one case of the superficial temporal vein, eight
cases of the basilic vein, and two cases of the cephalic vein.
Lower limb catheterization was performed in 191 cases, including
128 cases of great saphenous vein and 63 cases of superficial
femoral vein. The mean gestational age was (31.75 £ 2.83) weeks,
the age at the time of catheterization was (3.09 £ 7.46) days,
and the weight on the day of catheterization was (1,758.54 =+
591.58) g.

Catheter indwelling time, weight gain,
length growth, and PICC tip displacement
distance in flexion and extension positions
during catheter indwelling

The results showed that the PICC catheterization time was 15
days, with a weight gain of 230 g and a length growth of 1 cm. The
catheter tip displacement was 0.33 and 0.09 cm, as shown in Table 1.
From the time of catheterization to the 3rd week, the weight gain
was 451 £ 178 g, the length growth was 1.50 (1.00-2.12) cm, and
the catheter displacement was 1.27 4 0.89 cm. By the fifth week,
the weight gain was 750 (715-975) g, the length growth was 3.00
(2.00-3.7) cm, and the catheter displacement was 2.23 £ 0.95 cm.
The weight and length gr