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Background: Chronic rhinosinusitis (CRS) is a heterogeneous
disease characterized by persistent sinonasal inflammation and
sinus microbiome dysbiosis. Nasal polyps (NPs) are one of the
main manifestations that cause diverse clinical symptoms of
CRS.
Objective: We sought to conduct a bibliometric and visual
analysis of articles on CRS and NPs published between 2003 and
2022 to provide researchers with the current state of research
and potential directions.
Methods: We searched relevant articles from 2003 to 2022 in the
Web of Science database. VOSviewer and the Bibliometrix
R package were used to perform the bibliometric analysis.
Results: A total of 3907 publications were retrieved. The United
States made the highest contributions to global research,
followed by China. Northwestern University had the most
publications. The most published author was C. Bachert,
followed by R. P. Schleimer and R. J. Schlosser. The authors
with the most co-citations were C. Bachert, W. J. Fokkens, and
P. Gevaert. Moreover, the journal with the most publications
was the International Forum of Allergy & Rhinology, and the
Journal of Allergy and Clinical Immunology was the most cited.
‘‘Covid-19,’’ ‘‘biologics,’’ and ‘‘type 2 inflammation’’ were the
top current research hotspots.
Conclusions: The United States and Northwestern University
were the leading country and institution in researching CRS
and NPs. C. Bachert was the most influential expert. The
International Forum of Allergy & Rhinology and the Journal of
Allergy and Clinical Immunology were leading journals. ‘‘Covid-
19,’’ ‘‘biologics,’’ and ‘‘type 2 inflammation’’ were the trending
topics. (J Allergy Clin Immunol Global 2024;3:100211.)
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Chronic rhinosinusitis (CRS) is a heterogeneous disease
characterized by persistent sinonasal inflammation and sinus
microbiome dysbiosis, affecting 5% to 12% of the population
of most countries.1 Nasal polyps (NPs) are one of the main
manifestations that cause diverse clinical symptoms of CRS.
Patients with aspirin-exacerbated respiratory disease in Eu-
rope and the United States are more likely to present with
NPs.1 As one of the most common diseases in most countries,
the disease seriously affects the quality of patients’ daily life
and burdens society and families. The dominant symptoms
of CRS are nasal congestion, mucopurulent nasal discharge,
facial pain/pressure/fullness, and decreased sense of smell.1

Currently, the primary treatment modalities include nasal or
systemic glucocorticoid, antibiotics, aspirin desensitization,
and endoscopic sinus surgery.1-5 New treatment modalities,
such as biologics, have emerged in recent years, and clinical
research has progressed rapidly. Therefore, it is essential to
grasp the current status and potential research directions.

Bibliometrics is a statistical method to identify and
summarize articles on a selected area in a systematic manner.
Many medical fields now use bibliometrics for in-depth
analysis.6-11 It is helpful for researchers in related fields to
accurately grasp the current research trends by analyzing
the publication. Recently, multiple bibliometric software
tools have been developed, such as VOSviewer,12,13 Cite-
Space,14,15 and Bibliometrix R package.16,17 Researchers
can analyze, compare, and visualize results across these
tools and obtain information, including authors, countries,
institutions, journals, and references, in the area of interest.
Some researchers discussed the treatment of CRS until
2020 using bibliometrics.18 However, we found that the hot-
spots in the field had changed substantially in 2022. There-
fore, this article provides the most popular research
directions for CRS and NPs in recent years. In this study,
we used the Web of Science database to perform a bibliomet-
ric analysis of articles related to CRS and NPs from 2003 to
2022 and used VOSviewer and the Bibliometrix R package
to perform a visualization analysis. We summarized the sig-
nificant contributors of CRS and NPs in the past 20 years and
discussed the trending topics and hotspots in this field. We
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hope this article will reference the researchers and drive
progress in the research of CRS and NPs.
METHODS

Search strategy
TheWeb of Science database (https://www.webofscience.com/

wos/woscc/basic-search) was used as the data source. The
retrieval time of databases was as of January 2023. The search for-
mula was (TS5(‘‘chronic rhinosinusitis’’) OR TS5(‘‘chronic
sinusitis’’) OR TS5(‘‘chronic nasosinusitis’’)) AND
(TS5(‘‘nasal polyp’’) OR TS5(‘‘nasal polyps’’) OR TS5(‘‘nasal
polyposis’’)), LA5 (English), and the type of documents was set
to ‘‘articles’’ and ‘‘review.’’
Data analysis
Considering the respective properties and advantages, we

simultaneously used VOSviewer and the Bibliometrix R package.
VOSviewer (version 1.6.18) is a bibliometric analysis software

that can be used for network construction and visualization on the
basis of publications, countries, institutions, journals and co-cited
journals, authors and co-cited authors, or keywords.12,13 In the vi-
sual network diagram built by this software, a circle represents an
analytical item, such as a country, institution, journal, or author.
The size of the circle depicts the number of this item. Circles’
colors represent different clusters. The thickness of the lines be-
tween the circles reflects the degree of cooperation or co-
citation between the analyzed items. The Bibliometrix R package
(version 4.2.1) (https://www.bibliometrix.org) was used to
conduct the bibliometric and visualized analysis. Besides, we
used Bibliometrix to build the Bradford law diagram, publica-
tions’ geographic distribution maps, trend topic analysis, and
the Sankey diagram.14,15

Microsoft Office Excel 2019 was used to graph the quantitative
analysis of the publication. In addition, some inclusion thresholds
were set during data analysis to filter out the more valuable
results.

Furthermore, we analyzed the core authors in this field
according to the Price law（mp 5 0.749 3

ffiffiffiffiffiffiffiffiffiffiffi

npmax
p

). In this law,
mp is the minimum number of articles published by core authors
in the statistical period, and npmax is the number of articles pub-
lished by the authors with the most significant number of publica-
tions in the statistical period.
Data statement
Rawdatawere obtained from theWeb of Science database. The

original contributions presented in the study are included in
Online Repository at www.jaci-global.org. More derived data
supporting the findings of this study are available from the corre-
sponding authors on request.
RESULTS

Annual publication and major research directions
There were 3907 studies on CRS and NPs between January 1,

2003, and December 31, 2022, including 3266 ‘‘articles’’ and 641
‘‘reviews.’’ The number of publications on CRS and NPs steadily
increased in the past 2 decades.
As shown in Fig 1, A, this field attracted the attention of scien-
tific researchers at an early stage. Of the studies, 27 were pub-
lished in 2003. From 2003 to 2020, the number of publications
increased rapidly. The publications have increased 13.3 times
(27 in 2003 and 387 in 2020). Starting from 2020, the publication
trend in the last 3 years (2020-2022) had been relatively stable.

We classified the 3907 studies on CRS and NPs (Fig 1, B) and
found that ‘‘otorhinolaryngology,’’ ‘‘immunology,’’ and ‘‘allergy’’
were the 3 primary research directions in the research.
Most influential country and institution
These publications came from 82 countries and 3139 in-

stitutions.We set the publication threshold to 10 publications, and
43 countries met the criteria. The top 10 countries were
distributed in Asia, North America, and Europe, with most being
European countries (n5 5). The country with the highest number
of publications was the United States (n 5 1248 [33.5%]), fol-
lowed by China (n 5 631 [17.0%]), Korea (n 5 293 [7.9%]),
and Belgium (n 5 272 [7.3%]). During these 20 years, the total
number of citations of publications published in the United States
ranked first with 39,027 citations (Table I).

After selection based on the aforementioned publication
thresholds, we visualized the number of publications and
intercountry collaboration networks for these 43 countries
(Fig 2, A). For example, the United States had close collaborative
relationships with Canada, England, and Germany. In addition,
we mapped the geographical distribution of intercountry collabo-
rations (Fig 2, B) and the publication density (see Fig E1 in this
article’s Online Repository at www.jaci-global.org).

As with these publication thresholds, 190 of the 3139 in-
stitutions met our criteria. The top 10 institutions were also
located in Asia, North America, and Europe, mainly in the United
States (n 5 3) and China (n 5 3). Northwestern University (n 5
1248) was the top institution in terms of the number of publica-
tions, followed by Capital Medical University (n 5 631) and
Sun Yat-sen University (n 5 293). Meanwhile, Northwestern
University also achieved the highest citations. We analyzed the
average year of the publications for the top 10 institutions, with
larger values for Harvard Medical School (2019.4316), Capital
Medical University (2018.4385), and Karolinska Institute
(2018.043) (see Table E1 in this article’s Online Repository at
www.jaci-global.org).

Similarly, we constructed a collaboration network among the
190 institutions and visualized the average year of the publica-
tions from different institutions (Fig 2, C). Most institutions with
high publication volume collaborated with other institutions,
especially within the same country. Some had many collaborating
institutions, such as Sun Yat-sen University.
Most impactful authors
A total of 12,894 authors had published in the research of CRS

and NPs in the past 2 decades. Among them, 265 authors had
published 10 or more publications. Calculated by the Price law,
mp 5 9.41, and 265 core authors with 10 or more publications
were counted. Table E2 (in the Online Repository available at
www.jaci-global.org) provides the top 5 authors regarding the
number of publications. The author with the most publications
was C. Bachert, who had published 158 articles cited 10,093
times. Furthermore, we noted that L. Zhang had a significantly

https://www.webofscience.com/wos/woscc/basic-search
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FIG 1. Publications output over 20 years. A, Annual publication number of research on CRS and NPs. B, The

number and proportion of publications in different research categories.

TABLE I. Top 10 countries in terms of the number of publications and citations

Rank Country Documents Citations

1 United States (North America) 1,248 39,027

2 China (Asia) 631 11,065

3 South Korea (Asia) 293 5,276

4 Belgium (Europe) 272 17,501

5 Japan (Asia) 257 7,726

6 Italy (Europe) 247 6,129

7 England (Europe) 237 12,219

8 Germany (Europe) 217 8,170

9 Canada (North America) 173 6,273

10 Sweden (Europe) 145 8,381

J ALLERGY CLIN IMMUNOL GLOBAL

VOLUME 3, NUMBER 2

LIU ET AL 3
later average publication year than the other 4 professors and re-
mained active in research related to CRS and NPs in recent years.

We drew a visualized collaboration network of these 265
authors (see Fig 2, D). The same color represents a cluster of au-
thors with collaborative relationships, such as the collaboration
among C. Bachert, W. Chengshuo, L. Hongfei, and others.

Authors with 50 or more co-citations were screened. The most
co-cited author was C. Bachert (n 5 2808), followed by W. J.
Fokkens (n 5 1767) and P. Gevaert (n 5 1061) (see Table E3 in
this article’s Online Repository at www.jaci-global.org). Close
collaboration among the co-cited authors was prevalent (see
Fig E2 in this article’s Online Repository at www.jaci-global.org).
Most impactful journals
A total of 428 journals published publications related to CRS

and NPs. We filtered them by the number of publications (>_5) and
citations (>_50), and a total of 83 journals were eligible.

The journal with the highest number of publications was the In-
ternational Forum of Allergy & Rhinology (n5 365; impact fac-
tor [IF] 5 5.43, Q1), with an average publication year of
2016.7671, followed by the American Journal of Rhinology & Al-
lergy (n 5 318; IF 5 2.30, Q2), the Journal of Allergy and Clin-
ical Immunology (n 5 188; IF 5 14.29, Q1), and Rhinology
(n5 188; IF5 6.63, Q1) (see Table E4 in this article’s Online Re-
pository at www.jaci-global.org). Among the top 10 journals with
the most publications, the Journal of Allergy and Clinical Immu-
nology: In Practice (n 5 2019.6389; IF 5 11.02, Q1), the
International Forum of Allergy & Rhinology (n 5 2016.7671;
IF 5 5.43, Q1), and the European Archives of Oto-rhino-laryn-
gology (n 5 2016.0061; IF 5 3.24, Q2) had an average later
year of publication. These journals have published more relevant
articles in recent years. In addition, according to our screening
criteria, the most cited journal was the Journal of Allergy and
Clinical Immunology (n 5 13,739; IF 5 14.29, Q1), with an
average of 73 citations per article, followed by the International
Forum of Allergy & Rhinology (n5 7,813; IF5 5.43, Q1) and Al-
lergy (n 5 6,880; IF 5 14.71, Q1) (Table II).

We plotted the interjournal citation network of these 83
journals and distinguished their average publication year by
color, showing the citation relationship between different journals
(see Fig E3 in this article’s Online Repository at www.jaci-global.
org). For example, the International Forum of Allergy & Rhinol-
ogy and the European Archives of Oto-rhino-laryngology had a
strong citation relationship.

According to the Bradford law,19,20 evidence of the regularity
of the distribution of scientific journals, it is always a small num-
ber of journals that contribute to the core sources in a field. We
used the Bibliometrix R package to calculate the leading contrib-
uting journals in the research of CRS and NPs. These were the In-
ternational Forum of Allergy & Rhinology (IF 5 5.43, Q1), the
American Journal of Rhinology & Allergy (IF 5 2.30, Q2), the
Journal of Allergy and Clinical Immunology (IF 5 14.29, Q1),
Rhinology (IF 5 6.63, Q1), Laryngoscope (IF 5 2.97, Q2), and
the European Archives of Oto-rhino-laryngology (IF 5 3.24,
Q2) (Fig 3).

http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org


FIG 2. The collaborative networks between different units. A, Intercountry cooperation network. The color

represents the cluster. B, Geographical distribution of intercountry cooperation. Each connecting line rep-

resents 5 collaborative publications between 2 countries. The color represents the number of publications.

C, Interinstitutional cooperation network. The color represents the average year of publication. D, Author

collaboration network.
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Most widely cited references
From 2003 to 2022, there were 58,708 co-cited references in

studies related to CRS and NPs, and we screened 241 references
using a co-citation count of 50 or higher as the screening criterion.

We listed the top 10 most co-cited references (see Table E5 in
this article’s Online Repository at www.jaci-global.org). The
highest number of co-citations was published in Rhinology by
Fokkens et al (European Position Paper on Rhinosinusitis and
Nasal Polyps 2012 [EPOS 2012]21) with 1323 co-citations. In
2020, this article was updated and is now the European Position
Paper on Rhinosinusitis and Nasal Polyps 2020 (EPOS 2020),1

the most authoritative and complete guide on CRS, followed by
articles published by Lund et al22 (n 5 459) and Van Zele
et al23 (n 5 428), both of which were published earlier, in 1993
and 2006, respectively. They illustrated the staging in rhinosinu-
sitis and the differences in the cellular and media profiles of
different types of CRS, respectively. These are both seminal
studies in the research of CRS and NPs, focusing on the endophe-
notypic and immunologic features of CRS. The article with the
fourth highest number of co-citations was published in 2016,
the most recent of the top 10 co-cited references. Researchers
analyzed IL-5, IFN-g, IL-17A, TNF-a, IL-22, IL-1b, IL-6, IL-
8, eosinophilic cationic protein, myeloperoxidase, TGF-b1,
IgE, specific IgE, and albumin in the patient tissue samples and
classified the inflammatory endotype of CRS by immuno-
markers.23 This article generated discussion throughout the
CRS and NPs fields about further refining the CRS immunophe-
notypic delineation.

The top 10 co-cited references had a profound impact on the
fundamental research. Interestingly, these 10 publications origi-
nated from only 4 journals, with the Journal of Allergy and Clin-
ical Immunology (IF5 14.29, Q1) accounting for 5. At the same
time, Rhinology (IF5 6.634, Q1) published the 2 references with
the highest number of co-citations. We constructed a co-cited
reference relationship network with co-cited citations 50 times
or more (see Fig E4 in this article’s Online Repository at www.
jaci-global.org).
Keywords, hotspots, and trend topics
Author keywords and keywords plus for 3907 publications

were included in our analysis.

http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org


TABLE II. Ranking of journals (in descending order by citations)

Rank Journal IF (Q) Documents Citations Average publication year

1 Journal of Allergy and Clinical Immunology 14.29 (Q1) 188 13,739 2015.9628

2 International Forum of Allergy & Rhinology 5.43 (Q1) 365 7,813 2016.7671

3 Allergy 14.71 (Q1) 118 6,880 2014.5254

4 Laryngoscope 2.97 (Q2) 180 6,621 2013.2167

5 American Journal of Rhinology & Allergy 2.30 (Q3) 318 6,177 2015.1761

6 Rhinology 6.63 (Q1) 188 4,994 2015.0638

7 Otolaryngology-Head and Neck Surgery 5.59 (Q1) 102 3,333 2012.8725

8 American Journal of Rhinology — 58 2,481 2006.6207

9 Current Allergy and Asthma Reports 4.92 (Q2) 83 1,986 2014.012

10 Clinical and Experimental Allergy 5.40 (Q2) 54 1,915 2014.7963
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By analyzing the author keywords of the publications of CRS
and NPs during the past 20 years, we obtained 5138 author
keywords, of which 233 appeared 10 times or more. Then we
sorted these author keywords according to the average publication
year of the corresponding articles and counted the occurrences
and the average citations (see Table E6 in this article’s Online Re-
pository at www.jaci-global.org). On the basis of these, wemade a
reasonable judgment of the frontiers and hotspots in the research
of CRS and NPs.

As shown in Table E6, we presented the 20 author keywords
with the latest average publication year, which represented the
frontiers of research in this field in the last 3 years, with
‘‘Covid-19,’’ ‘‘biologics,’’ ‘‘benralizumab,’’ ‘‘dupilumab,’’ and
‘‘reslizumab’’ in the top 5. Covid-19 attracted significant attention
throughout the medical field as a currently prevalent infectious
disease. In addition, the other 4 author keywords in the top 5 indi-
cated that the research of CRS and NPs focused on biologic treat-
ments. Benralizumab, dupilumab, and reslizumab are mAbs to
IL-5R, IL-4R, and IL-5, respectively, the biologics currently
approved worldwide for allergic diseases such as asthma and
atopic dermatitis.24,25 Among them, dupilumab was approved
for CRS treatment in 2019. It proved that biologics and mAbs
were attracting much attention from researchers in CRS and
NPs.26,27 In addition, we highlight the author keywords with
more than 50 occurrences. We found that ‘‘biologics’’ (n 5 84),
‘‘CRSwNP’’ (n5 82), ‘‘dupilumab’’ (n5 77), ‘‘type 2 inflamma-
tion’’ (n5 69), and ‘‘omalizumab’’ (n5 55) showed a high num-
ber of occurrences in the frontier articles, which may mean that
these are the hotspots of research in recent years.

We plotted the hotspot diagram of author keywords with 10 or
more occurrences (see Fig E5 in this article’s Online Repository at
www.jaci-global.org) and the relationship network diagram be-
tween these keywords (Fig 4, A). The hotspot diagram can visu-
ally determine the frequency of keyword occurrences, with
darker colors representing higher occurrences. In the keywords
network diagram, a thicker line means a stronger connection be-
tween the 2, and the color represents the average occurrence year
of that keyword.

In addition, we organized trend topics on the basis of authors’
keywords (see Fig E6 in this article’s Online Repository at www.
jaci-global.org) to visualize how research trends had changed
over the 20 years, with the size of the circles representing the fre-
quency of the corresponding topics. As we can see, ‘‘type 2
inflammation,’’ ‘‘patient-reported outcomes,’’ ‘‘nasal polyp
score,’’ and ‘‘biologics’’ were the latest trend topics.
In addition, we built a trending topics analysis based on
keywords plus (Fig 4, B) to provide a more comprehensive
keyword analysis. Keywords plus can exclude the subjective
factors of authors and reflect the main content discussed in pub-
lications through machine analysis. Fig 4, B, constructed on the
basis of keywords plus, provides a more objective reflection of
trending topics than Fig E6, which was constructed on the basis
of authors’ keywords. The results showed that the most recent
trending topics were ‘‘biologics,’’ ‘‘type 2 inflammation,’’ ‘‘hy-
pereosinophilic,’’ ‘‘mepolizumab,’’ and others (more informa-
tion can be found in the table). As we expected, the results of
the keyword analysis were mutually corroborative. Researchers
have recently focused on topics related to type 2 inflammation,
biologics, and disease outcomes. It further strengthened the
credibility of the data.

We combined affiliations, authors, and keywords plus to draw a
Sankey diagram (see Fig E7 in this article’s Online Repository at
www.jaci-global.org). The Sankey diagram can show the relation-
ship between these 3 topics. The thickness of the lines represents
the connection between the 2; for example, C. Bachert mainly
worked with Ghent University, Ghent University Hospital, and
Karolinska Institute. Northwestern University had more studies
on NPs.
DISCUSSION

General information
In the present study, we reviewed the current research in the

research of CRS and NPs by bibliometrics for the first time and
analyzed the publications in the last 20 years (2003-2022) to
obtain a comprehensive overview of this research. We observed
that (1) the United States and Northwestern University were the
most influential country and institution with the most articles and
the highest citations; (2) C. Bachert was the scholar with the most
articles and the highest co-cited citations; (3) the International
Forum of Allergy & Rhinology had the highest number of articles
and the Journal of Allergy and Clinical Immunology had the high-
est number of citations; (4) the endotype and immune character-
istics of CRS and NPs had received long-term and extensive
attention; and (5) ‘‘Covid-19,’’ ‘‘biologics,’’ and ‘‘type 2 inflam-
mation’’ were currently the top research hotspots. These findings
are helpful for researchers to understand the current state and
grasp potential directions and trending research topics on CRS
and NPs.

http://www.jaci-global.org
http://www.jaci-global.org
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FIG 3. The core sources journals (according to the Bradford law) and the citation relationships between

journals.
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Results interpretation and research directions

mining
Development situation. This research chose to analyze the

Web of Science database because it is one of the most
authoritative databases. CRS and NPs had received attention
from researchers at an early stage, which may be related to the
prevalence of this disease. From 2003 to 2020, global research on
CRS and NPs grew substantially, with a generally stable growth
rate. The average annual increase in publications for these 18
years was 20, with an annual average of 175.1 publications.
Moreover, from 2020 to 2022, the growth reached a plateau, with
an annual average of 380.7 publications. The peak and plateau of
publication over the past 3 years indicated that the study was
receiving sustained attention from researchers and was in a steady
state of development and research.

The main subject area related to CRS and NPs was not only
otolaryngology but also immunology and allergology. The
immunologic mechanisms of CRS and NPs had received much
attention from scholars, which may bring reference to some
researchers.

Major contributing units. In CRS and NPs research,
cooperation and linkages between countries were already intense.
All countries with more than 10 publications were involved in
international collaboration. Undoubtedly, it promoted the flour-
ishing of CRS and NPs research. The United States and China led
the way in the number of publications. Although European
countries had fewer publications than these 2 countries, their
contribution to the research cannot be ignored. Of the 10
institutions with the most publications, 3 were from Europe.
And the Ghent University Hospital received the second most
citations, following Northwestern University.

Of those institutions with more than 10 publications, we found
that Chang Gung University, Padova University, and Chung
Shan Medical University had never collaborated with other
institutions, which may affect the continued development of
these institutions. We call for broader collaboration among
countries and institutions, leading to more CRS and NPs
research breakthroughs.

A total of 428 journals published research on CRS and NPs
over the 20 years, and the International Forum of Allergy & Rhi-
nology (IF5 5.426, Q1) had themost publications, indicating that
it is the most popular journal in this research. After compiling the
top 10 journals regarding the number of publications, we noted
that 6 journals are Q1 and 4 are Q2. The top 3 journals with the
most citations were all high-impact journals in Q1. Although
CRS and NPs belong to rhinological diseases, many articles
were published in allergy and basic medicine journals in addition
to rhinology journals.

Leading experts and related directions. The 5 authors
with the most publications in this study were C. Bachert, R. P.
Schleimer, R. J. Schlosser, L. Zhang, and R. C. Kern, with more
than 80 publications. We found that C. Bachert also focused on
biological studies in 2022, and the latest study in which he
participated showed that omalizumab’s effectiveness is indepen-
dent of Staphylococcal enterotoxin sensitization.28 Moreover, he
also published as the first author of the study of the therapeutic ef-
fect of dupilumab and mepolizumab in patients with CRS.27,29 In
addition, he constructed a decision tree model through the combi-
nation of nasal secretion biomarkers and clinical characteristics of
patients with CRS to accurately define patients with type 2 CRS
with NPs in a noninvasive way to give more rational treatment
to patients in the clinic. 30 C. Bachert’s group has focused on
various directions, including endotype clustering of patients
with CRS on the basis of different molecules, surgery, biological
therapies, pathophysiological mechanisms, and so on.28-35

Recently, R. P. Schleimer has focused on frontier molecules and
treatments such as retinoic acid, nasal secretion tissue plasmin-
ogen activator, and oral CRTH2 antagonist.36-38 However, R. J.
Schlosser focused more on olfaction and the surgical treatment
of CRS.39-41



FIG 4. Inter-keywords network and trend topics. A, The relationship network between authors’ keywords. B,

Trending topics analysis based on keywords plus.
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C. Bachert was the author with the highest number of co-
citations, followed by W. J. Fokkens and P. Gevaert. A high
number of co-citations often means that the author has a large
amount of seminal research in the field that has been cited several
times by subsequent researchers. They were all involved in
compiling the most co-cited publication in the research of CRS
and NPs: European Position Paper on Rhinosinusitis and Nasal
Polyps 2012. Interestingly, all 3 authors had recently published
research on biologics as first authors27,28,42,43 (indeed, the up-
dated EPOS 2020 is currently more relevant). As mentioned in
the previous article, this fact reaffirmed the importance of bio-
logics research in CRS and NPs research.

Highly cited articles and current hotspots. Studies with
high co-citation counts often represent fundamental research in
the field and are generally published earlier. Except for the EPOS,
we summarized the 9 most co-cited articles, which can be divided
into 3 categories: immune features and endotypes, clinical
applications, and epidemiological analyses. Of these 9 articles,
6 explored the inflammatory patterns in CRS in different countries
or different endotypes, and they collectively focused on the cell
expression profile and immune marker profile of patients with
CRS, such as TH1/TH2-skewed inflammation.22,23,44-47 In EPOS
2020, experts defined CRS endotypes more precisely on the basis
of primary or secondary, anatomical distribution, and dominant
endotype.1 At the same time, experts suggest that type 2
inflammation–mediated CRS is more likely to accompany the
development of NPs.1 Our results also reflected that the role of
type 2 inflammation in the study of CRS and NPs had received
much attention. In addition, 2 publications focused on clinical
applications, respectively evaluating the effectiveness of the 22-
item Sino-Nasal Outcome Test (SNOT; a derivative of the 20-
item SNOT), a quality-of-life questionnaire for patients with
CRS,48 and the clinical efficacy of omalizumab.49 Both the 20-
item SNOT and the 22-item SNOT are widely used in clinical
and scientific research. Moreover, the application of biologics
in CRS has been a hot topic in recent years, and among the bio-
logics, dupilumab was approved for treating CRS in 2019. More-
over, the last publication was the European international
multicentre prevalence study of CRS.50 This article confirmed
that the prevalence of CRS in Europe has significant geographic
variation and is associated with smoking.50 It should be noted,
however, that the value of an article is not reliably measured by
co-citation alone, because the newly published articles will rank
lower when analyzed in terms of citations independently. In
contrast, many incoming articles have significantly affected fron-
tier research.

By analyzing the timing and frequency of keyword appear-
ances, we could obtain the current frontier research about CRS
and NPs. Subsequently, we grouped the current frontier research
hotspots into 3 sections: biologics, Covid-19, and inflammatory
response and endotypes. As mentioned earlier, the inflammatory
response and endotypes have been topics of long-standing interest
since the investigation of the immune mechanisms of CRS,
whereas biological agents have been at the forefront of research in
recent years. In addition, Covid-19, an epidemic infectious
disease in recent years, has received attention concerning various
diseases, including CRS.
Study limitations
The limitations of our study included that the analysis was

performed using the Web of Science database and the language
English, meaning that some publications from other databases
and non-English publications were not included in our data
analysis. It would cause us to omit parts of the publication and
may have an impact on the results. But this is unlikely to change
the main trends described in this article.

In addition to this, a small portion of the data had overlapping
information because of technical limitations. Furthermore, a
small part of the information in this article was duplicated or
separated because of technical limitations. For example, ‘‘Ghent
University’’ and ‘‘Ghent University Hospital’’ were recognized
as different institutions in the analysis. However, after some
effort, the analysis software could not combine these items, and
human adjustments would have affected the accuracy of other
data, such as the average publication year. Therefore, the original
results have been retained in this article. Fortunately, such situa-
tions were rare and had a limited impact on our conclusions.
Conclusions
This study provided an overview of studies on CRS and NPs

from a bibliometric perspective. The number of relevant publi-
cations grew dramatically over 20 years, representing many
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scholars’ increasing interest in the area. The United States was the
primary leader in this research. Northwestern University and C.
Bachert were themost prolific institution and author, respectively.
The International Forum of Allergy & Rhinology published the
most number of articles, and the Journal of Allergy and Clinical
Immunology was the most cited. Researchers can stay updated
with the latest trends in this research by following them. Our study
concluded that ‘‘Covid-19,’’ ‘‘biologics,’’ and ‘‘type 2 inflamma-
tion’’ were current research hotspots. These directions deserve
attention from scholars. We expect that our study will facilitate
closer communication and collaboration among scholars from
different countries to jointly promote this scientific area’s prog-
ress. We expect our study to give scholars who are interested in
the study of CRS and NPs, especially researchers initially
exploring the disease, a quick overview of developments in this
field from a macroscopic perspective and help researchers target
the literature and research directions.
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