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Background: The postoperative acute pain caused by surgery has been a major problem plaguing anesthesiologists, and even some 
acute pain progresses to chronic pain syndrome, terribly reducing the quality of life of patients. To this end, increasing attention has 
been paid to the management of perioperative analgesia. At present, with the increase of research on perioperative analgesia, the 
understanding and solution of this clinical problem have been further developed. Bibliometrics can estimate research hot-spots and 
trends of related fields in a certain period of time. However, a systematic bibliometric analysis has not been conducted to explore 
current research hotspots and future development trends, which is thus the purpose of this study.
Methods: Articles and reviews published from 2012 to 2021 were retrieved from the Web of Science Core Collection (WoSCC) 
database, and the bibliometric analysis of the keywords and references of articles was performed using VOSviewer1.6.18. Besides, the 
number of articles related to perioperative analgesia in term of countries, affiliations, authors, and journals were analyzed.
Results: Finally, 3157 articles meeting the screening requirements were retrieved, and it was hereby found that the research on 
perioperative analgesia had received more attention and interest in the past 10 years, with the United States making more contributions, 
where there were eight of the top ten affiliations by the number of publications. Kaye AD was the most active researcher in this field. 
Most related articles were published in Anesthesia and Analgesia, accounting for 2.76% of all literature. Enhanced recovery after 
surgery, different types of anesthesia and multi-mode analgesic drug intervention were the main trends and hotspots.
Conclusion: Perioperative analgesia has attracted considerable academic interest. In the past decade, the effects of enhanced recovery 
after surgery, different types of anesthesia and multi-mode analgesic drug intervention on perioperative analgesia have become the 
research hotspots, which are also likely to be the focus of future study.
Keywords: perioperative analgesia, pain, enhanced recovery after surgery, bibliometrics, VOSviewer

Introduction
Postoperative pain, ie, generally acute pain caused by surgical injury, has always been one of the main problems in the 
perioperative period, with an incidence of 20–40% in postoperative patients,1 which, fortunately, can be controlled, and 
most of the pain can be eliminated within a week. However, some of these patients bear acute postoperative pain that 
lasts longer than the time required for normal tissue healing and becomes chronic postoperative pain (CPSP), with 
a prevalence of about 10%.2

Both acute pain and chronic pain expose patients to unpleasant emotional experience, physical and even mental pain. 
Chronic pain greatly reduces the quality of life of patients, making it necessarily important to take preventing measures. 
Good perioperative analgesia can not only reduce postoperative acute pain, but also effectively prevent the occurrence of 
chronic pain, thereby improving the quality of life of patients after discharge.

Postoperative pain is inadequately controlled in 80% of patients in the United States, indicating the extraordinary significance 
of investigations into perioperative analgesic methods.3 At present, the methods of perioperative analgesia include local 
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anesthesia, the use of non-opioid and opioid analgesics, and multi-mode analgesia.4–7 Considering the difficulty of achieving 
favorable postoperative analgesia effect by using a single drug or a particular anesthetic technique, most doctors adopt multi-mode 
analgesia in clinical practice. This method refers to the use of several different analgesic drugs or analgesic techniques at the same 
time to maximize postoperative analgesia through multiple mechanisms and to reduce the use of opioids. Studies have shown that 
multi-modal analgesia may affect the chain of mechanical events leading to postoperative chronic pain.8

Although some achievements have been made in clinical research, more studies are still needed to evaluate the effect 
of different perioperative analgesia methods on postoperative analgesia and prevention of long-term chronic pain. 
Therefore, quantitative analyses of perioperative analgesic related research situation, research hot spot and the future 
prospects are of great significance to the development of this field.9,10

Bibliometrics represents the study of academic publications that uses statistics to describe trends in the field and to 
highlight relationships between published works.11 As a convenient method, bibliometrics can estimate the research hot-spots 
and trends of related fields in a certain period of time and reveal the key research directions by analyzing the characteristics of 
databases and documents.12 Over the years, the fruits of bibliometric analysis has been extensively used in rheumatism, bone, 
internal medicine and other fields.13–15 However, bibliometric study on perioperative analgesia remains a void. To this end, 
literature on perioperative analgesia was hereby systematically analyzed to evaluate the current status and hot spots in this 
field, so as to provide guidance for the study and selection of perioperative analgesia.

Methods
Data Source and Search Strategies
Herein, SCI-expanded of WoSCC bibliographic database was used as the data source, and the searching was conducted on 
April 5, 2022. The search term was presented as TS= (PERIOPERATIVE ANALGESIA), and the publication period was set 
between 2012 and 2021. Articles of the “Article” and “Review” categories were screened, in with those in languages other 
than English removed. Then, the publication dates of each article on the Web of Science were checked, and articles not 
published during 2012–2021 were removed. Finally, a total of 3157 articles were acquired. Two researchers independently 
conducted the primary data search and then discussed any potential differences, the kappa score reached 0.98, showing 
substantial accordance. All literature data were exported in the form of ‘Full record and cited references’ and imported into the 
Endnote X 9 software for rechecking. (The detailed screening is shown in Figure 1.)

Bibliometric Analysis
In this study, number of publications, number of citations without self-citations, H-index and impact factor were chosen as the 
indexes of bibliometric analysis. Number of publications (Np) was used for measuring productivity, with a higher Np indicating 
more researchers involved in the field. Number of citations without self-citations (Nc) was used to represent the impact, which was 
considered a good indicator to evaluate the level of research. H-index assesses the scientific contributions of researchers in 
relevant fields and predicts future research outcomes by combining the number and impact of publications.16,17 Although 
originally developed to assess academic achievements of an individual, the H-index could also be extended to describe the output 
of publications in a country or region, institution, or journal.16,18 Besides, impact factor (IF) is one of the most reliable methods for 
evaluating the quality of scientific journals and has been widely used in evaluating medical journals.

VOSviewer is a software for building and viewing bibliometric graphs, which can build visual graphs based on the 
data of co-citation and co-occurrence of keywords.19 The analysis of co-citation and co-occurrence can explore the hot 
spot and research direction of perioperative analgesia.

Results
An Overview of Publications on Perioperative Analgesia
Based on the search strategy, a total of 3157 articles and reviews published in the past decade were hereby retrieved. The 
total Nc of the retrieved articles was 45,619, with an average Nc of 14.45 per article, and the H-index was 86 for all 
publications.
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Annual Trends in the Number of Publications
Figure 2A shows the number of publications related to perioperative analgesia over the past decade. Overall, while the 
number of publications fluctuated over the past decade, the overall number of publications jumped from 142 in 2012 to 
507 in 2021. Figure 2B presents the growth trend in the number of publications per year. There was a positive correlation 
with a correlation coefficient (R2) of 0.9559 between the number of publications and the year indicating an increasing 
trend in the research of perioperative analgesia. Figure 2C exhibits a comparison of the number of publications published 
each year in the United States, China, and Canada. The number of publications in the United States and China has been 
growing rapidly each year, while that in Canada remains relatively stable.

Contributions of Countries/Regions to Global Publications
Table 1 shows the top ten countries/regions for publications. Compared with second-place China (358,11.34%) and third- 
place Canada (233,7.38%), most articles (1,287,40.77%) were published in the United States. In terms of either Nc or 
H-index, the United States was far ahead of the rest of the world. In comparison, there were fewer publications in Canada 
and the UK than in China, but both their Nc and H-index outperformed. Meanwhile, Germany had a relatively low 
circulation and a higher Nc and H-index when compared with India. The same was true of Italy and Australia.

Analysis of Affiliations
Table 2 shows the top 10 affiliations for the number of publications, where it could be observed that Harvard had the 
largest number of publications (132), followed by League of European Research Universities (131) and the University of 
California system (107). The League of European Research Universities had the highest number of non-self-references 
(8279) and the highest h-index (46). More than half of the institutions in the top 10 were from the United States (8), with 
the remaining two from Europe (League of European Research Universities) and Canada (University of Toronto).

Figure 1 Flowchart of the screening process.
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Analysis of Authors
Table 3 presents the authors of the top 10 publications, who published a total of 216 articles, ie, 6.84% of the total 
number of papers. The largest number of publications was Kaye AD (33), followed by Urman RD (30), Cata JP and Wu 

Figure 2 (A) The number of articles published annually in this field over the past decade. (B) The fitting curve of the annual number of publications and the year. (C) The 
top three countries in terms of number of publications.
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CL tied for the third (23). The Nc of Demartines N was the highest (3494). Wu CL, Demartines N and Ljungqvist O tied 
for first place in the H-index (15). More than half of the top 10 authors are from the United States (6).

Analysis of Journals
Table 4 shows the top 10 journals of publications, involving a total of 556 published articles, ie, 17.61% of the total 
number of publications. ANESTHESIA AND ANALGESIA (87, IF: 5.178) published the most literature on periopera
tive analgesia, followed by CURRENT OPINION IN ANESTHESIOLOGY (64, IF: 2.706) and BRITISH JOURNAL 
OF ANAESTHESIA (58, IF: 9.166). Both Nc (2945) and H-index (33) of ANESTHESIA AND ANALGESIA were in 

Table 1 The Top 10 Most Productive Countries/Regions

Rank Countries/Regions Np Percentage (%) Nc H-Index

1 USA 1287 40.77 24,451 73
2 China 358 11.34 2948 27

3 Canada 233 7.38 9008 41

4 English 221 7.00 8374 43
5 India 166 5.26 1290 18

6 Germany 141 4.47 4436 29

7 Italy 135 4.28 2726 28
8 Australia 97 3.07 2147 22

9 Turkey 90 2.85 560 13
10 Switzerland 84 2.66 5801 28

Table 2 The Top 10 Most Productive Affiliations

Rank Affiliations Country Np Nc H-Index

1 HARVARD UNIVERSITY USA 132 4264 27
2 LEAGUE OF EUROPEAN RESEARCH UNIVERSITIES - 131 8279 46

3 UNIVERSITY OF CALIFORNIA SYSTEM USA 107 3558 26

4 UNIVERSITY OF TEXAS SYSTEM USA 92 3984 27
5 UNIVERSITY OF TORONTO Canada 89 2820 30

6 HARVARD MEDICAL SCHOOL USA 74 1342 15

7 MAYO CLINIC USA 69 2571 23
8 DUKE UNIVERSITY USA 65 3172 23

9 STANFORD UNIVERSITY USA 60 1221 20

10 BRIGHAM WOMEN S HOSPITAL USA 59 1889 15

Table 3 The Top 10 Most Productive Authors

Rank Author Country Np Nc H-Index

1 Kaye AD USA 33 334 11

2 Urman RD USA 30 861 10

3 Cata JP USA 23 493 11
3 Wu CL USA 23 1808 15

5 Hollmann MW Netherlands 19 816 11

5 Kehlet H Denmark 19 698 14
7 Demartines N Switzerland 18 3494 15

7 Gan TJ USA 18 1899 13

9 Cornett EM USA 17 143 8
10 Ljungqvist O Sweden 16 4428 15
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first place. JOURNAL OF CLINICAL ANESTHESIA had the highest IF (9.452). Besides, of the top 10 journals, half 
had a high IF (defined as more than 5.000).

Analysis of Co-Cited References
A co-citation relationship indicates the situation of two (or more) articles citing the same article. Co-citation emphasizes 
research topics closely related to a particular field. Of the 74,448 references cited in the retrieved papers, the minimum 
number of references was set to 35, and 133 references were screened for co-citation analysis (Figure 3). A line between 
the two nodes indicates that both are referenced in a publication, while shorter and thicker lines indicate a closer 
relationship between the two articles. The size of the node represents the total number of references of the article. In 

Table 4 The Top 10 Most Active Journals

Rank Journal Np Nc H-index IF (2020)

1 ANESTHESIA AND ANALGESIA 87 2945 33 5.178
2 CURRENT OPINION IN ANESTHESIOLOGY 64 957 21 2.706

3 BRITISH JOURNAL OF ANAESTHESIA 58 2598 30 9.166

4 MEDICINE 56 544 13 1.889
5 REGIONAL ANESTHESIA AND PAIN MEDICINE 54 926 18 6.288

6 JOURNAL OF PAIN RESEARCH 53 731 12 3.133

7 JOURNAL OF CLINICAL ANESTHESIA 50 623 14 9.452
8 PEDIATRIC ANESTHESIA 49 736 15 2.556

9 BMC ANESTHESIOLOGY 46 400 11 2.217
10 ANESTHESIOLOGY 39 2458 22 7.892

Figure 3 Network map of co-cited references. Among the 74,448 references, 133 references (divided into five groups: group 1: Red, group 2: Green, group 3: Blue, group 4: 
Yellow, group 5: Purple) were cited at least 35 times.
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addition, nodes of different colors divide the article into different groups. Herein, Group 1 (Red), consisting of 42 
references, focused on enhanced recovery after surgery (ERAS) and explored the efficacy of epidural analgesia as 
a method of postoperative analgesia;20–32 Group 2 (Green), consisting of 42 references, explored the effects of different 
adjunctive analgesics on multi-modal postoperative acute pain management;33–45 Group 3 (Blue), consisting of 15 
references, focused on the safety and efficacy of intravenous lidocaine for postoperative analgesia and recovery;46–49 

Group 4 (Yellow), consisting of 15 references, focused on the exploration of methods to reduce postoperative opioid 
use;50–56 Group 5 (Purple), consisting of 14 references, highlighted the impact of the selection of perioperative anesthetic 
methods and the use of analgesics on postoperative recurrence or survival after cancer surgery.57–60 As shown in 
Figure 3, the co-citation literature of Group 4 was relatively new, indicating the emergence of clinical research on 
reducing opioid use in recent years. Possibly given Group 5 focused more on postoperative recurrence and survival than 
on postoperative pain, Group 5 was not closely associated with the other groups.

Analysis of Research Hotspots
Co-occurrence analysis explores recent research hotspots. The co-occurrence of two keywords in a literature is called 
a co-occurrence relationship. Of the 4788 keywords in the 3157 articles included in the study, the minimum co- 
occurrence of keywords was set to 30, and 129 keywords were screened out for co-occurrence analysis (Figure 4). 
Figure 4A shows that the 129 keywords were divided into five groups. Group 1 (Red) focused on the effects of different 
drugs and perioperative analgesia techniques on postoperative pain; Group 2 (Green) studied the effect of different 
anesthetics on perioperative analgesia; Group 3 (Blue) studied the effect of different anesthesia methods on the 
recurrence rate and survival rate after cancer operation; Group 4 (Yellow) explored the effect of ERAS on perioperative 
recovery and length of hospital stay in patients undergoing different procedures; Group 5 (Purple) highlighted the 
management of perioperative pain and recovery. The most common keywords were “Analgesia” (751 times), followed by 
“Surgery” (584 times) and “Postoperative analgesia” (499 times). Figure 4B describes a visualization by VOSviewer of 
the colors of all keywords by average publication year (APY). The latest keywords were “Dexmedetomidine” (APY: 
2018.92), followed by “Enhanced recovery” (APY: 2018.90), “Liposomal bupivacaine” (APY: 2018.74), and 
“Paravertebral block” (APY: 2018.69). In addition, contrasting Figures 4A and B, “Dexmedetomidine” (APY: 
2018.92) became the most recent drug for perioperative analgesia in recent years.

Figure 5 shows the density visualizations and hotspots of co-occurrence keywords. Considering the huge amount of 
keywords, the minimum number of co-occurrences was set to 50 to highlight the more frequent keywords. Finally, 69 
high-frequency keywords were selected. High-frequency words, such as surgery, anesthesia, analgesia, management, and 
postoperative pain, were still prominent. It should be noted that although the frequency of general-anesthesia, local- 
anesthesia, regional-anesthesia, epidural-anesthesia and spinal-anesthesia was not particularly high, they were located in 
the center of the map, indicating their close relationship with other keywords.

Discussion
In this study, a bibliometric analysis of 3157 articles retrieved from the Web of Science Database was conducted, and 
a visual analysis was carried out with VOSviewer to explore the hotspots and development trend of perioperative 
analgesia. By fitting the curve, it is found that the number of publications in this field has increased almost exponentially 
in the last ten years, especially in the last five years, and the number of publications has increased more than three times 
in the last ten years.

Most of the high-ranking authors and institutions come from the United States, indicating the absolute advantage of 
researches of the United States in this area. Besides, the United States is the country with the most researches and the 
most in-depth researches on perioperative analgesia. Although China had the second-largest number of publications in 
the last decade, its H-index lags far behind that of the UK and Canada, suggesting that Chinese academics and research 
institutions need to do more in this area of research to balance the quantity and quality of articles in the field. India and 
Turkey are also facing the same situation.

Among the top 10 authors, Kehlet H is the author of the concept of ERAS and the method of multi-modal analgesia. 
The article published in 1997 is extensively cited, and in the last decade, it has been cited 104 times, ranking No. 4.22 
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Figure 4 The mapping on keywords related to perioperative analgesia research. (A) 129 keywords were divided into 5 groups by different colors (group 1: Red, group 2: 
Green, group 3: Blue, group 4: Yellow, group 5: Purple) with the minimum co-occurrence times of 30. The size of the node represents the co-occurrence frequency and the 
closeness of the co-occurrence relationship with other keywords. (B) Visual network map of keywords according to the APY. The more yellow the node is, the later the 
keyword occurrences.
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Meanwhile, the quality and quantity of the author’s articles remain high for nearly a decade, which shows his strong 
influence in this field. It should be noted that Ljungqvist O, ranking 10th in terms of number of published papers, ranks 
first in terms of H-index, and has published several high-quality articles on ERAS in recent years. He analyzed the impact 
of ERAS implementation on patients and the health care system and concluded that ERAS has brought surgery and 
anesthesia to a new level and has brought significant improvements to patients and the health care system, but further 
improvements are still needed.20,61

Of note, half of the top 10 journals have high IF, suggesting that it is not challenged to publish research articles on 
perioperative analgesia in high-quality journals. In addition, a co-citation visualization analysis showed that the most 
cited article was the clinical guideline for postoperative pain management published by Chou R et al, which was 
published in 2016 and cited 158 times. To a certain extent, this article has a great impact on the field of research.50 

The second is an article published in 2006 by Kehlet H et al (cited 146 times), which describes the risk factors and 
prevention of postoperative persistent pain, arguing that the intensity of postoperative acute pain is related to the 
development of a persistent state, and that multi-modal drug interventions may prevent this shift.33 There is a strong co- 
citation relationship between this article and most of the articles related to perioperative anesthesia and analgesic drugs, 
which indicates the guiding significance of this research for the future research of multi-mode analgesic drug interven
tion. In third place is a new report on practice guidelines for acute pain management in the perioperative setting 
published in 2012.34

The literature on Group 5 in Figure 3 is not closely related to that on other groups. It could thus be concluded that 
perioperative anesthesia techniques and analgesics are relatively independent of other studies on the prognosis of cancer 

Figure 5 Density visualization map for 129 keywords. Each keyword in the density map shows the frequency of its occurrence in related research fields. Red represents the 
high-frequency keyword, and the position of the keyword is related to the degree of correlation between it and other keywords. The position in the center indicates the 
stronger correlation with the others. 
Abbreviations: WoSCC, Web of Science Core Collection; Np, the number of publications; Nc, the number of citations without self-citations; IF, impact factor; ERAS, 
enhanced recovery after surgery; APY, average publication year.
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surgery, and more attention is paid to the long-term and overall recovery of patients than to analgesia, which also 
suggests the significance of the pursuit of perioperative analgesia. Future researches in this area can increase the long- 
term effect of postoperative observation of patients.

Terms such as general-anesthesia, local-anesthesia, regional-anesthesia, epidural-anesthesia, and spinal-anesthesia for 
different types of anesthesia sit in the middle of the mapping, suggesting that studies of perioperative analgesia 
increasingly revolve around changes in the type of anesthesia, which are likely to become more common in the future.

To some extent, the development trend and research hotspot in this field can be understood based on the bibliometric 
analysis and visualization of the literature, and references are provided for researchers and clinical doctors in related 
fields. Increasingly perfect perioperative analgesia can reduce patients’ perioperative pain. However, the present study is 
still subject to some limitations. First, the search term “PERIOPERATIVE ANALGESIA” searched did not completely 
search the relevant literature in this field. Second, only the number of citations was relied on to evaluate the impact of an 
article. Actually, due to the difference in the year of publication, the factors of time should be combined for more 
comprehensive evaluation. Finally, the VOSviewer can only analyze keywords and co-cited literature, instead of the 
whole content of the article, making the analysis not comprehensive.

Conclusion
Through bibliometric analysis, the United States has been proven a leading country in the field of perioperative analgesia 
research. Harvard University and the League of European Research Universities have made outstanding contributions. In 
the past decade, the effects of enhanced recovery after surgery, different types of anesthesia and multi-mode analgesic 
drug intervention on perioperative analgesia have become the research hotspots and are likely to be the focus of future 
study.
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