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Abstract 

Background:  Sterile inflammation is a key pathological process in stroke. Inflammasome activation has been impli-
cated in various inflammatory diseases, including ischemic stroke and hemorrhagic stroke. Hence, targeting inflam-
masomes is a promising approach for the treatment of stroke.

Methods:  We applied bibliometric methods and techniques. The Web of Science Core Collection was searched for 
studies indexed from database inception to November 26, 2020. We generated various visual maps to display publica-
tions, authors, sources, countries, and keywords.

Results:  Our literature search yielded 427 publications related to inflammasomes involved in stroke, most of which 
consisted of original research articles and reviews. In particular, we found that there was a substantial increase in 
the number of relevant publications in 2018. Furthermore, most of the publications with the highest citation rates 
were published in 2014. Relatively, the field about inflammasomes in stroke developed rapidly in 2014 and 2018. 
Many institutions contributed to these publications, including those from China, the United States, and worldwide. 
We found that NLR family pyrin domain containing 3 (NLRP3) was the most studied, followed by NLRP1, NLRP2, and 
NLRC4 among the inflammasomes associated with stroke. Analysis of keywords suggested that the most studied 
mechanisms involved dysregulation of extracellular pH, efflux of Ca2+ ions, dysfunction of K+/Na+ ATPases, mitochon-
drial dysfunction, and damage to mitochondrial DNA.

Conclusions:  Given the potential diagnostic and therapeutic implications, the specific mechanisms of inflammas-
omes contributing to stroke warrant further investigation. We used bibliometric methods to objectively present the 
global trend of inflammasomes in stroke, and to provide important information for relevant researchers.

Keywords:  Ischemic stroke, Hemorrhagic stroke, Inflammasomes, Bibliometric, Mitochondrial dysfunction, Global 
trends
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Introduction
Stroke is a major contributor to disability and death 
worldwide, and is characterized by a sudden decrease 
in blood flow to brain tissue that often leads to critical 
neurological impairment [11, 22]. Ischemic stroke (IS) 
and intracerebral hemorrhage (ICH) are major types 
of stroke. IS accounts for 80% of all cases of stroke [32]. 
Clinically, the treatment time window for patients with 
IS is only 3.0–4.5 h [4] Because of the narrow time win-
dow, brain injury caused by cerebral ischemia remains 
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a serious problem [24]. Simultaneously, there is still 
no effective treatment for ICH [30]. Since the currently 
available methods for the treatment of brain injury after 
stroke are insufficient, an urgent identification and devel-
opment of new treatment is needed.

In terms of mechanism, excessive inflammatory 
responses contributes to the progression of stroke and 
exacerbation of neurological impairment [27]. Inhibi-
tion of excessive inflammatory responses may represent 
a promising therapeutic strategy for the treatment of 
stroke. At present, inflammasomes, which are upstream 
inflammatory molecules, play an important role in cel-
lular signaling underlying inflammatory responses [7]. 
Moreover, inflammasomes are important factors con-
tributing to inflammatory diseases. Therefore, inhibiting 
abnormal activation of inflammasomes may represent a 
promising strategy for the treatment of stroke.

To date, nearly 10 inflammasomes have been described, 
including NLR family pyrin domin containing 1 (NLRP1), 
NLRP2, NLRP3, NLRP6, NLRC4, NLRP12, pyrin, absent 
in melanoma 2 (AIM2), and interferon gamma inducible 
protein 16 (IFI16). [2, 13, 15, 16, 18, 21] However, the 
specific inflammasomes that are most strongly associated 
with stroke and how they are activated have remained 
unclear, which promoted us to review and analyze the 
corresponding literature in the present study.

Bibliometrics is a widely accepted statistical method 
that is used to describe accumulated knowledge and 
trends in specific research areas [14]. In recent years, 
bibliometrics has been used to provide clear insights into 
many biomedical fields [26]. Moreover, these indicators 
can be used to help researchers understand global trends 
about inflammasomes in stroke. This review could lay the 
foundation of a new and interesting frontier.

Methods
Data collection and filtration
We conducted a comprehensive literature search in the 
Web of Science Core Collection (WOSCC) from its 
inception (1985) to November 26, 2020. In order to yield 
as many results as possible, we use the following terms: 
“stroke” or “intracerebral hemorrhage” or “ischemic 
stroke” or “brain infarction” or “brain stem infarction” 
or “cerebral infarction” or “cerebral stem infarction” 
or “ischemic encephalopathy” or “infarction encepha-
lopathy” or “brain ischemia” or “brain stem ischemia” 
or “cerebral ischemia” or “cerebral stem ischemia” AND 
“inflammatory corpuscle” or “inflammasome”. The lan-
guage is restricted to English. There were no restrictions 
in terms of document type, data category, or document 
year. Following the above criteria, we obtained 431 origi-
nal records, excluded four unrelated articles and finally 

got 427 results. The flowchart of the whole procedure 
was shown in Fig. 1.

Data analysis
An Excel-based (Microsoft) analysis tool was used for 
data aggregation, and related figures were drawn with 
GraphPad Prism 8 software. VOSviewer, a visualiza-
tion tool, enables researchers to create knowledge maps, 
assess the latest research advances, and identify research 
hotspots [31]. We used VOSviewer software (ver-
sion 1.6.15) to analyze literature types, journal sources, 
authors, co-cited authors, countries, institutions, and key 
words to form a social network map. The relevant indi-
cators are explained below. The citation attribute indi-
cates the number of citations received by a document or 
the total number of citations received by all documents 
published by a source, author, organization, or country 
when working with co-authorship, citation, or biblio-
graphic coupling links. The author co-cited attribute is 
defined as journals, authors, or references cited together 
by researchers. Finally, the occurrence attribute indicates 
the number of documents in which a keyword occurred 
when working with keywords (from VOSviewer Manual).

Results
Publication types and quantities
In the present study, a total of 427 publications related 
to the involvement of inflammasomes in stroke were 
identified. We collated and analyzed the statistical data 
included in each study and determined preliminary con-
clusions. Most of the publications were original research 
articles (302 publications), followed by review articles 
(103 publications) (Fig.  2A). Other publication types 
included conference abstracts (17 publications), early-
access articles (14 publications), corrections (three pub-
lications), book chapters (two publications), editorial 
materials (two publications), and a proceedings publica-
tion (1 publication) (Fig. 2A). The large numbers of origi-
nal research and review articles were then used to assess 
trends and insights into the association between inflam-
masomes and stroke.

The annual scientific research results of publications in 
this field—published from 2008 to November 26, 2020—
are presented in Fig.  2B. The total number of articles 
increased from a minimum of 3 in 2008 to 122 in 2020 
(through November 26, 2020). The number of publica-
tions per year showed continuous growth, as shown in 
Fig. 2B.

We found two turning points in this research field. 
First, in 2014, there were not many related publications 
(16 publications); however, the citation rates of the arti-
cles published in 2014 were relatively high (Table 1). We 
found two turning points in this research field. Second, 
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Fig. 1  Details of filtrating the data. A manual review was performed on the original search on WOSCC to filter out documents that are not related 
to inflammasomes in stroke

Fig. 2  A The hollow pie chart illustrates the proportion of document number of each type. B The line chart shows the number of papers on 
inflammasome and stroke research published and the exponential trend line over time (the black line and red dotted line)
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there was a substantial increase in the number of related 
publications in 2018.

Highly cited articles
The 10-most highly cited articles, including 4 articles and 
6 reviews, are shown in Table 1. All 10 of these articles 
were published between 2009 and 2016. Further analy-
sis revealed that half of these articles were published in 
2014. Therefore, we conclude that 2014 was a fast-grow-
ing year in published research on the role of inflammas-
omes in stroke.

Journals
There were a total of 203 peer-reviewed journals that 
published manuscripts in this research field. The top-10 
journals in terms of the total numbers of related publi-
cations are listed in Table 2. The most widely published 
journal was J NEUROINFLAMM (28 publications), fol-
lowed by INT IMMUNOPHARMACOL (12 publica-
tions), INT J MOL SCI (12 publications), BIOCHEM 

BIOPH RES CO (10 publications), EXP NEUROL (10 
publications), CNS NEUROSCI THER (9 publications), 
MOL NEUROBIOL (9 publications), J CEREBR BLOOD 
F MET (8 publications), STROKE (8 publications), and 
FRONT CELL NEUROSCI (7 publications). The number 
of papers published in each journal serve as a useful indi-
cator of the interest of each journal in publishing articles 
related to the involvement of inflammasomes in stroke.

Table 2 lists the top 10 journals in terms of their cita-
tions and impact factors in 2020 (Table  2). Co-cita-
tion journals were defined as journals jointly cited by 
researchers, and they represent the popularity of journals 
by researchers investigating the role of inflammasomes 
in stroke. STROKE topped the list with 846 citations. J 
CEREBR BLOOD F MET ranked second, with a total of 
798 citations and an impact factor of 5.681. NATURE was 
cited 680 times, and its impact factor was 42.778. J NEU-
ROINFLAMM, J CEREBR BLOOD F MET, and STROKE 
were also journals that were clearly of interest to this field. 
It is noteworthy that the number of publications in this 

Table 1  The TOP 10 highly cited articles

Rank Title Total Citations Authors Source Year Type

1 Pyroptosis: host cell death and inflam-
mation

1171 Bergsbaken T, Fink SL et al NATURE REVIEWS MICROBIOLOGY
Volume 7, issue 2, pages 99–109

2009 Review

2 Interleukin-1 beta inhibition and the 
prevention of recurrent cardiovas-
cular events: Rationale and Design 
of the Canakinumab Anti-inflamma-
tory Thrombosis Outcomes Study 
(CANTOS)

574 Ridker PM, Thuren T et al AMERICAN HEART JOURNAL
Volume162, issue 4, pages 597–605

2011 Article

3 Inflammasomes in the CNS 306 Walsh JG, Muruve DA et al NATURE REVIEWS NEUROSCIENCE
Volume 15, issue 2, pages 84–97

2014 Review

4 Intravenous immunoglobulin sup-
presses NLRP1 and NLRP3  inflam-
masome-mediated neuronal death 
in  ischemic  stroke

206 Fann DYW, Lee SY et al CELL DEATH AND DISEASE
Volume 4, e790

2013 Article

5 P2X7 receptor: an emerging target in 
central nervous system diseases

197 Sperlagh B, Illes P et al TRENDS IN PHARMACOLOGICAL 
SCIENCES

Volume 35, issue 10, pages 537–547

2014 Review

6 Inhibition of the  inflamma-
some  complex reduces the inflam-
matory response after thromboem-
bolic  stroke  in mice

195 Abulafia DP,Vaccari, JPD et al JOURNAL OF CEREBRAL BLOOD FLOW 
AND METABOLISM

Volume 29, issue 3, pages 534–544

2009 Article

7 NLRP3 deficiency ameliorates neu-
rovascular damage in experimen-
tal  ischemic  stroke

182 Yang F, Wang ZY et al JOURNAL OF CEREBRAL BLOOD FLOW 
AND METABOLISM

Volume 34, issue 4, pages 660–667

2014 Article

8 Release and activity of histone in 
diseases

173 Chen R, Kang R et al CELL DEATH AND DISEASE
Volume 5, e1370

2014 Review

9 Functions and mechanisms of 
microglia/macrophages in neuro-
inflammation and neurogenesis 
after  stroke

165 Xiong XY, Liu L et al PROGRESS IN NEUROBIOLOGY
Volume 142, pages 23–44

2016 Review

10 Activation and regulation of cellular 
inflammasomes: gaps in our knowl-
edge for central nervous system 
injury

153 Vaccari JPD, Dietrich WD et al JOURNAL OF CEREBRAL BLOOD FLOW 
AND METABOLISM.

Volume 34, issue 3, pages 369–375

2014 Review
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field was relatively small, and even J NEUROINFLAMM 
(which published the most articles) only had 28 related 
publications. However, we suspect that the numbers of 
related articles published in these journals will increase 
significantly in the coming years due to increased interest 
in investigating the role of inflammasomes in stroke.

Author
A total of 2009 authors participated in the inflammas-
omes in stroke study. We list the top 10 authors and co-
cited authors according to the citations in Table  3. The 
top 3 authors in citations were as follows: (1) KEANE 
RW (479 citations), (2) VACCARI JPD (441 citations), (3) 
DIETRICH WD (428 citations). Similarly, the co-cited 
authors rank 1–10 were FANN DYW, MARTINON F, 
YANG F, LAMKANFI M, ZHOU RB, VACCARI JPD, 
ABULAFIA DP, SCHRODER K, DENES A and HENEKA 
MT.

Countries
We found that a total of 37 countries contributed to pub-
lications related to the role of inflammasomes in stroke. 
The top5 countries/regions were as follows: (1) United 
States (4529 citations); (2) China (4342 citations); (3) 
Germany (869 citations); (4) Australia (695 citations); 
and (5) Singapore (514 citations). In addition, we used 
VOSviewer to analyze the co-authorship of each country. 
In the figure, the color of the node represents the average 
year of publications; the thickness of each line represents 
the scale of cooperation between countries (Fig.  3). We 
found that China and the United States were the most 
active countries in this field, and that these two countries 
had close cooperation (Fig. 3).

Institutions
We found that these publications derived from 551 insti-
tutions, among which UNIV WASHINGTON (1,171 
citations) had the highest number of citations, followed 
by ZHEJIANG UNIV (643 citations), NOVARTIS PHAR-
MACEUT (624 citations), UNIV MIAMI (606 cita-
tions), and HARVARD UNIV (582 citations) (Fig.  4). 
Furthermore, we found that more institutions have been 
actively involved in this field in recent years (Fig. 4; yel-
low denotes the recency of each institution contributing 
to this field).

Key‑word
Keywords are terms that reflect the concept of a paper 
topic and can provide a reasonable description of the 
research hotspot. In recent studies, some research-
ers have used key-word co-occurrence networks for 
knowledge mapping (Fig.  5). The keywords are marked 
in different colors in the VOSviewer keyword concur-
rent visualization map, which varies according to their 
average publication year. Keywords such as “pyroptosis” 

Table 2  The TOP 10 Journals of publications and co-cited journals

Rank Journals Publications Impact factor Co-cited journals Citations Impact factor

1 J NEUROINFLAMM 28 5.793 STROKE 846 7.190

2 INT IMMUNOPHARMACOL 12 3.943 J CEREBR BLOOD F MET 798 5.681

3 INT J MOL SCI 12 4.556 NATURE 680 42.778

4 BIOCHEM BIOPH RES CO 10 2.985 P NATL ACAD SCI USA 599 9.412

5 EXP NEUROL 10 4.691 J NEUROSCI 556 5.673

6 CNS NEUROSCI THER 9 4.074 J NEUROINFLAMM 532 5.793

7 MOL NEUROBIOL 9 4.500 J BIOL CHEM 515 4.238

8 J CEREBR BLOOD F MET 8 5.681 PLOS ONE 475 2.740

9 STROKE 8 7.190 J IMMUNOL 470 4.886

10 FRONT CELL NEUROSCI 7 3.921 CELL 392 38.637

Table 3  The TOP 10 authors and co-cited author

# Citations refer to the sum of citations that each author’s articles related to 
“inflammasomes in stroke” research have totally received
* H-Index, a scientific evaluation of influence, is extracted from WOSCC

Rank Authors Citations# H-index* Co-cited 
authors

Citations

1 KEANE RW 479 38 FANN DYW 214

2 VACCARI JPD 441 25 MARTINON F 126

3 DIETRICH WD 412 91 YANG F 99

4 BROUGH D 367 48 LAMKANFI M 92

5 CHEN S 361 15 ZHOU RB 81

6 ZHANG JH 308 73 VACCARI JPD 74

7 ARUMUGAM 
TV

304 56 ABULAFIA DP 71

8 ALLAN SM 289 45 SCHRODER K 70

9 ISHRAT T 184 32 DENES A 68

10 ZHAO J 180 13 HENEKA MT 67
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Fig. 3  Co-authorship country analysis. The top 5 citations countries and the country co-authorship overlay visualization map. The color of each 
circle indicates the average publication year for the country, according to the color gradient shown in the lower right corner

Fig. 4  Co-authorship institutions analysis. The top 5 citations institutions and the institution co-authorship overlay visualization map. The color of 
each circle indicates the average publication year for the country, according to the color gradient shown in the lower right corner
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“inflammasomes” “cerebral ischemia–reperfusion” 
“autophagy” “ROS” are yellow-green, indicating these 
fields have become popular in recent years.

Discussion
VOSviewer is a method to manage and visualize knowl-
edge structures [5] Here, we conducted a novel bib-
liometric analysis via VOSviewer regarding studies that 
have investigated the role of inflammasomes in stroke 
over the past decade to provide a comprehensive view of 
global research trends. Our bibliometric analysis revealed 
the increase in the number of articles and changes in 
contributions of journals, authors, countries and institu-
tions in this field.

The number of articles in a field can reflect the produc-
tivity and development of the subject over the years. Our 
present results showed that the output of publications 
on the role of inflammasomes in stroke has maintained 
steady growth from 2008 to 2020. This overall growth 
trend in the number of related publications indicated 
that an increasing number of scientists were investigat-
ing the role of inflammasomes in stroke. However, a total 
of more than 400 articles achieved by restricting key-
words, are a relatively small volume. In addition, like any 
other bibliometric analysis, the results have been limited 
by database used (WOSCC): 30% of the corpus articles 
identified via PubMed were excluded [8]. Despite this 
limitation, we believe our findings, to some extent, may 

contribute to the theoretical study. Furthermore, target-
ing inflammasomes in treating stroke has potential clini-
cal value [28].

Citations of an article reflect the degree of its dissemi-
nation and influence, and sometimes may also reflect its 
quality. According to the citation analysis (Table 1), there 
currently is a lack of high-impact articles in this field, in 
which the most cited article has only 1200 citations and 
even 6 articles have merely been cited less than 300 times 
among the top 10. Alternatively, there are many informa-
tion sources that can not be fully utilized, which is not 
expected. Therefore, it is necessary to do more work 
in the integration of knowledge, as the field of “inflam-
masomes in stroke” continues to develop. Researchers 
have focused on the role of inflammasomes in stroke 
for approximately 10  years. During this period, Bergs-
baken et  al. published a study in NATURE REVIEWS 
MICROBIOLOGY, and it was the most frequently cited 
article in our analysis. The authors elucidated a mecha-
nism of action between inflammasomes and pyroptosis. 
The second most frequently cited article was published 
in AMERICAN HEART JOURNAL in 2011. The authors 
found that interleukins were critical mediators of the sys-
temic inflammatory response. Activation of the NLRP3 
inflammasome results in enhanced secretion of IL-1β, 
suggesting that therapeutic interventions targeting the 
assembly and activity of inflammasomes may have poten-
tial clinical benefits [25].

Fig. 5  Author keyword co-occurrence analysis. Author keywords are labeled. The color of each circle indicates the average year when the keyword 
appeared in articles, according to the color gradient color in the lower right corner. The distance between any two circles is indicative of their 
co-occurrence link, and the thickness of the connecting line indicates the strength of the link
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Popular core journals can provide a reliable reference 
for researchers when searching for documents. Among 
the journals in which “inflammasomes in stroke” related 
articles were published, the J NEUROINFLAMM has 
published the most articles, while STROKE ranks first 
by citations (Table 2). In terms of publications and cita-
tions, the most influential journal was STROKE, which 
although is the rank of eight in publication, runs first in 
citation. Moreover, it’s expected to provide researchers 
with more high-quality articles on “inflammasomes in 
stroke” related articles. Notably, with the help of the jour-
nals rank, researchers can quickly find the suitable jour-
nals for their own articles.

We analyzed publications from 37 countries and 551 
institutions with the help of a co-authored visual map 
via VOSviewer. According to the map display (Fig. 3), the 
Unites States, China, Germany, Australia, and Singapore 
represented the countries that contributed most to inves-
tigating the role of inflammasomes in stroke. Among 
institutions, UNIV WASHINGTON contributed the 
most according to institutional citations (Fig.  4). These 
countries have invested a lot of money, manpower, and 
material resources in scientific research. Therefore, it is 
not surprising that they have become the world leaders 
in this field. Take China as an example: chronic diseases 
such as stroke, ischemic heart disease and lung cancer 
have now become the main causes of premature death in 
the Chinese population. Therefore, China has formulated 
a series of policies (such as Healthy China 2020 and 2030) 
and has continuously expanded the health care system to 
deal with chronic diseases such as stroke. [36] To a cer-
tain extent, government policies have greatly supported 
medical scientific research. Actually, it was found that 
the number of neuroscience publications in each country 
were directly proportional to their total per capita health 
expenditure. [35] At the same time, with the improve-
ment of academics and research funding in recent years, 
developing countries (e.g., Iran, India) have also begun 
contributing to this field, and they have tended to exhib-
ited close cooperation with the international commu-
nity, especially with USA. Meanwhile, our analysis shows 
China and the United States had the closest cooperation, 
because there are close academic exchanges between 
researchers in both countries. Overseas researchers con-
tinue to collaborate within the framework of interna-
tional networks after returning to their home countries.

To identify the authors who contributed the most, we 
ranked them based on their total numbers of citations. 
Based on the data extracted from WOSCC, we found 
that Keane’s citations ranked first, while Fann’s co-cita-
tions ranked first. These two authors, who have been rec-
ognized by the most researchers in this field, have made 
outstanding contributions (Table 3). Remarkably, citation 

is not the only indicator of the academic level, contri-
bution, or influence of researchers, and due to the time 
effect, recent authors are at a disadvantage in terms of 
citations regardless of their content and quality. H-index 
is another measure of scientific influence, but it is 
reflected the influence of researchers in all areas, not just 
the in a specific field (e.g. DIETRICH WD in Table  3). 
Therefore, the ranking of H-index in Table 3 is inconsist-
ent with the ranking of citation. It is necessary to conduct 
a regular citation analysis of inflammasomes in stroke to 
update the most authoritative experts in the field. Moreo-
ver, co-authorship maps may help researchers learn exist-
ing partnerships and confirm potential collaborators.

According to VOSviewer key-word co-occurrence 
analysis and further literature reading, more information 
can be obtained shown in Fig. 6. It is not the content of 
bibliometrics in the traditional sense to collate and sum-
marize the details of these articles. This supplementary 
work is intended to facilitate the reader’s access to the 
knowledge about stroke in a more effective way. Earlier 
studies focused on targeting inflammasomes to treat 
stroke investigated mechanisms of downstream inflam-
matory cytokines; more recent studies then turned to 
investigating astrocytes, reactive oxygen species pyrop-
tosis, and immune regulation, as well as other upstream 
mechanisms. More than 10 inflammasomes have been 
identified to be associated with stroke. These inflammas-
omes are expressed in microglia, astrocytes, neurons, 
and endothelial cells depending on the pathophysiologi-
cal conditions in stroke.[29] From 2008 to 2020, a grow-
ing body of evidence has suggested that activation of 
inflammasomes triggers neuroinflammation through 
caspase-1 that further activates various downstream 
events (e.g. IL-1β, IL-18, IL-6 or TNF-α) and contrib-
utes to cell death. Many reviews have described various 
types of inflammasomes and their mechanisms of activa-
tion in stroke. The key factors responsible for activation 
of inflammasomes are dysregulation of extracellular pH, 
efflux of Ca2+, failure of K+/Na+ ATPases, mitochondrial 
dysfunction, and DNA damage [3, 12, 20, 34] Among all 
known inflammasomes, the most representative is the 
NLRP3 inflammasome, which is activated in microglia 
and consists of NLRP3, apoptosis-associated speck-like 
protein containing a caspase recruitment domain (ASC) 
and procaspase-1. After stroke, NLRP3 protein is abnor-
mally activated, after which ASC is recruited. ASC then 
recruits procaspase-1 for its cleavage and activation, 
which induces the release of proinflammatory cytokines 
(IL-1β, IL-18, IL-6, and TNF-α) that ultimately increases 
local inflammation [19] If the harmful effects of inflam-
matory activation are not offset, the deleterious effects 
of stroke will become exacerbated. In addition to the 
NLRP3 inflammasome, stroke is also associated with 
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the NLRP1 inflammatory inflammasome, which is com-
posed of NLRP1, caspase-1, ASC, and X chromosome-
linked inhibitor-of-apoptosis protein (XIAP), which is 
an inhibitor of apoptotic signaling [1, 6, 9, 10, 33] XIAP 
within the NLRP1 inflammasome may inhibit the activa-
tion and processing of IL-1β and IL-18 by inhibiting cas-
pase-1 activity. Additionally, other studies have shown 
that stroke is also associated with NLRP2 and NLRC4 
[17, 23] In view of the accelerated progress in elucidating 
the mechanisms of inflammasomes, their use as thera-
peutic targets in stroke represents a promising future 
clinical application. Among all potential targets, NLRP3 
is the most recognized and widely implicated regulator 
in ischemic stroke. However, the underlying mechanisms 
of inflammasomes in hemorrhagic stroke have not been 
fully elucidated.

Unfortunately, no anti-stroke agent directly targeting 
inflammasomes is currently available. This may be due 
to insufficient evidence of the role of inflammasomes as 
important mediators in stroke. In addition, most studies 
that have investigated the biological activities of natural 
compounds in inflammatory bodies have been superfi-
cial. Hence, it is necessary to further elucidate the precise 
mechanisms of these compounds in future studies. The 

pharmacological effects of these natural compounds may 
be realized by regulating multiple targets and signaling 
pathways in cerebral ischemia, as opposed to only focus-
ing on a single target. Furthermore, the activity of NLRP3 
during different stages of inflammation and the relative 
role of NLRP3 in neonatal and adult brain inflammation 
remain unclear. In addition, the relationships between 
different inflammatory corpuscles and the relationship 
between inflammation and pyropotic/apoptotic cascades 
should also be considered. Finally, experiments charac-
terizing the side effects of therapies targeting inflamma-
tory bodies should also be completed.

Conclusion
This study provided knowledge about inflammasomes in 
stroke from a visualization and bibliometric perspective. 
The results show that the research on the “inflammasomes 
in stroke” has been becoming progressively more extensive 
at global level over the past 10  years. The growing trend 
of publications on this topic indicates a mounting inter-
est about it. The work focused on NLRP3 is the most sys-
tematic study, followed by NLRP1, NLRP2, and NLRC4 
among the inflammasomes associated with stroke. The 
mechanisms about dysregulation of extracellular pH, efflux 

Fig. 6  Summary of main literature. A Ischemic stroke (including CVT, GCI, FCI and NHIBD) and hemorrhagic stroke (including SAH and ICH) are 
major types of stroke. The full name is marked in the "abbreviations" section. B DAMPs and PAMPs lead to dysregulation of extracellular pH, efflux 
of Ca2+, failure of K+/Na+ ATPases, mitochondrial dysfunction, and DNA damage, which further more result in inflammasomes are activated. C 
Inflammasomes in general are expressed in microglia, astrocytes, neurons, and endothelial cells. Activation of inflammasomes releases excessive 
inflammatory cytokines, including IL-1β, IL-18, IL-6 and TNF-α, and finally contributes to cell death
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of Ca2+ ions, failure of K+/Na+/ATPase, mitochondrial 
dysfunction and mtDNA  damage are source of intense 
research.

In general, there has been a huge advance in the field of 
“inflamsomes in stroke” research in the past 10 years, and it 
is beneficial for researchers to understand stroke better by 
analyzing these development trends. There are many unre-
solved problems about inflammasomes in stroke. As above-
mentioned, bibliometric analysis can provide researchers 
with valuable insights, and enable them to get meaningful 
reference based on objective data.

Abbreviations
NHIBD: Neonatal hypoxicischemic brain damage; CVT: Cerebral venous 
thrombosis; GCI: Global cerebral Ischemia; FCI: Focal ischemia; ICH: Intracer-
ebral haemorrhage; SAH: Subarachnoid haemorrhage; NLRP3: Pyrin domain–
containing protein 3; NLRP1: Pyrin domain–containing protein 1; NLRP2: Pyrin 
domain–containing protein 2; NLRC4: NLR family CARD domain-containing 
protein 4; ASC: Apoptosis-associated speck-like protein containing a caspase 
recruitment domain; PTPN22: Protein tyrosine phosphatase, nonreceptor type 
22; P2X7R: P2X7 receptor; DAMPs: Damage-associated molecular patterns (ep.
HMGB1); PAMPs: Pathogen-associated molecular pattern (ep.LPS); ROS: Reac-
tive oxidative species.

Acknowledgements
Not applicable.

Authors’ contributions
JY and JW edited the manuscript. JZ and YP analysis the data. HZ and GZ 
definitie the intellectual content. All authors have read and approved the final 
manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(Nos.81630105,81874366,81973560),the National Key R & D Projects of China 
(No.2019YFC1708600,2019YFC1708604).

Availability of data and materials
The datasets used during this study are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent to publication
All authors have read and agreed to the published version of the manuscript.

Competing interests
The authors declared that this work was conducted in the absence of any 
commercial or fnancial relationship that could be construed as a potential 
confict of interest.

Author details
1 Zhejiang Chinese Medical University, 548 Binwen Road, Hangzhou 310053, 
Zhejiang, China. 2 Peking University First Hospital, Beijing 100034, China. 

Received: 12 April 2021   Accepted: 30 June 2021

References
	1.	 Bai N, Zhang Q, Zhang W, Liu B, Yang F, Brann D, Wang R. G-protein-

coupled estrogen receptor activation upregulates interleukin-1 receptor 
antagonist in the hippocampus after global cerebral ischemia: implica-
tions for neuronal self-defense. J Neuroinflammation. 2020;17:45.

	2.	 Biliktu M, Senol SP, Temiz-Resitoglu M, Guden DS, Horat MF, Sahan-Firat 
S, Sevim S, Tunctan B. Pharmacological inhibition of soluble epoxide 
hydrolase attenuates chronic experimental autoimmune encephalomy-
elitis by modulating inflammatory and anti-inflammatory pathways in an 
inflammasome-dependent and -independent manner. Inflammophar-
macology. 2020;28:1509–24.

	3.	 Cao G, Jiang N, Hu Y, Zhang Y, Wang G, Yin M, Ma X, Zhou K, Qi J, Yu B, Kou 
J. Ruscogenin attenuates cerebral ischemia-induced blood-brain barrier 
dysfunction by suppressing TXNIP/NLRP3 inflammasome activation and 
the MAPK pathway. Int J Mol Sci. 2016;17:1418.

	4.	 Catanese L, Tarsia J, Fisher M. Acute ischemic stroke therapy overview. 
Circ Res. 2017;120:541–58.

	5.	 Chen S, Lu Q, Bai J, Deng C, Wang Y, Zhao Y. Global publications on 
stigma between 1998–2018: a bibliometric analysis. J Affect Disord. 
2020;274:363–71.

	6.	 Chen X, Wang H, Zhou M, Li X, Fang Z, Gao H, Li Y, Hu W. Valproic acid 
attenuates traumatic brain injury-induced inflammation in vivo: involve-
ment of autophagy and the nrf2/are signaling pathway. Front Mol 
Neurosci. 2018;11:117.

	7.	 de Rivero Vaccari JP, Dietrich WD, Keane RW. Activation and regulation 
of cellular inflammasomes: gaps in our knowledge for central nervous 
system injury. J Cereb Blood Flow Metab. 2014;34:369–75.

	8.	 Devos P, Menard J. Trends in worldwide research in hypertension over the 
period 1999–2018: a bibliometric study. Hypertension. 2020;76:1649–55.

	9.	 Espinosa-Garcia C, Atif F, Yousuf S, Sayeed I, Neigh GN, Stein DG. Pro-
gesterone attenuates stress-induced NLRP3 inflammasome activation 
and enhances autophagy following ischemic brain injury. Int J Mol Sci. 
2020;21:3740.

	10.	 Fann DY, et al. Intravenous immunoglobulin suppresses NLRP1 and 
NLRP3 inflammasome-mediated neuronal death in ischemic stroke. Cell 
Death Dis. 2013;4:e790.

	11.	 Faustino J, Chip S, Derugin N, Jullienne A, Hamer M, Haddad E, Butovsky 
O, Obenaus A, Vexler Z. CX3CR1-CCR2-dependent monocyte-microglial 
signaling modulates neurovascular leakage and acute injury in a 
mouse model of childhood stroke. Journal Cereb Blood Flow Metab. 
2019;39:1919–35.

	12.	 Galluzzi L, Kepp O, Kroemer G. Mitochondria: master regulators of danger 
signalling. Nat Rev Mol Cell Biol. 2012;13:780–8.

	13.	 Gharagozloo M, Gris KV, Mahvelati T, Amrani A, Lukens JR, Gris D. 
NLR-dependent regulation of inflammation in multiple sclerosis. Front 
Immunol. 2017;8:2012.

	14.	 Hicks D, Wouters P, Waltman L, de Rijcke S, Rafols I. Bibliometrics: The 
Leiden Manifesto for research metrics. Nature. 2015;520:429–31.

	15.	 Kaushal V, Dye R, Pakavathkumar P, Foveau B, Flores J, Hyman B, Ghetti 
B, Koller BH, LeBlanc AC. Neuronal NLRP1 inflammasome activation of 
Caspase-1 coordinately regulates inflammatory interleukin-1-beta pro-
duction and axonal degeneration-associated Caspase-6 activation. Cell 
Death Differ. 2015;22:1676–86.

	16.	 Lahooti B, Chhibber T, Bagchi S, Varahachalam SP, Jayant RD. Therapeutic 
role of inflammasome inhibitors in neurodegenerative disorders. Brain 
Behav Immun. 2021;91:771–83.

	17.	 Lammerding L, Slowik A, Johann S, Beyer C, Zendedel A. Poststroke 
inflammasome expression and regulation in the peri-infarct area by 
gonadal steroids after transient focal ischemia in the rat brain. Neuroen-
docrinology. 2016;103:460–75.

	18.	 Lammert CR, Frost EL, Bellinger CE, Bolte AC, McKee CA, Hurt ME, Paysour 
MJ, Ennerfelt HE, Lukens JR. AIM2 inflammasome surveillance of DNA 
damage shapes neurodevelopment. Nature. 2020;580:647–52.

	19.	 Li N, Brundel B. Inflammasomes and proteostasis novel molecular mecha-
nisms associated with atrial fibrillation. Circ Res. 2020;127:73–90.

	20.	 Liu H, Wu X, Luo J, Zhao L, Li X, Guo H, Bai H, Cui W, Guo W, Feng D, Qu Y. 
Adiponectin peptide alleviates oxidative stress and NLRP3 inflammasome 
activation after cerebral ischemia-reperfusion injury by regulating AMPK/
GSK-3β. Exp Neurol. 2020;329:113302.



Page 11 of 11Yin et al. Chin Med           (2021) 16:53 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	21.	 Malhotra S, et al. NLRP3 inflammasome as prognostic factor and thera-
peutic target in primary progressive multiple sclerosis patients. Brain. 
2020;143:1414–30.

	22.	 Moskowitz MA, Lo EH, Iadecola C. The science of stroke: mechanisms in 
search of treatments. Neuron. 2010;67:181–98.

	23.	 Poh L, Kang SW, Baik SH, Ng GYQ, She DT, Balaganapathy P, Dheen ST, 
Magnus T, Gelderblom M, Sobey CG, Koo EH, Fann DY, Arumugam TV. 
Evidence that NLRC4 inflammasome mediates apoptotic and pyrop-
totic microglial death following ischemic stroke. Brain Behav Immun. 
2019;75:34–47.

	24.	 Ribo M, Grotta JC. Latest advances in intracerebral hemorrhage. Curr 
Neurol Neurosci Rep. 2006;6:17–22.

	25.	 Ridker PM, Thuren T, Zalewski A, Libby P. Interleukin-1β inhibition and the 
prevention of recurrent cardiovascular events: rationale and design of the 
Canakinumab Anti-inflammatory Thrombosis Outcomes Study (CANTOS). 
Am Heart J. 2011;162:597–605.

	26.	 Romero L, Portillo-Salido E. Trends in sigma-1 receptor research: a 25-year 
bibliometric analysis. Front Pharmacol. 2019;10:564.

	27.	 Roth S, Singh V, Tiedt S, Schindler L, Huber G, Geerlof A, Antoine D, Anfray 
A, Orset C, Gauberti M, Fournier A, Holdt L, Harris H, Engelhardt B, Bianchi 
M, Vivien D, Haffner C, Bernhagen J, Dichgans M, Liesz A. Brain-released 
alarmins and stress response synergize in accelerating atherosclerosis 
progression after stroke. Sci Transl Med. 2018;10:eaao1313.

	28.	 Schwaid AG, Spencer KB. Strategies for targeting the NLRP3 inflamma-
some in the clinical and preclinical space. J Med Chem. 2021;64:101–22.

	29.	 Strowig T, Henao-Mejia J, Elinav E, Flavell R. Inflammasomes in health and 
disease. Nature. 2012;481:278–86.

	30.	 Vaibhav K, Braun M, Khan M, Fatima S, Saad N, Shankar A, Khan Z, Harris 
R, Yang Q, Huo Y, Arbab A, Giri S, Alleyne C, Vender J, Hess D, Baban B, 
Hoda M, Dhandapani K. Remote ischemic post-conditioning promotes 
hematoma resolution via AMPK-dependent immune regulation. J Exp 
Med. 2018;215:2636–54.

	31.	 van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program 
for bibliometric mapping. Scientometrics. 2010;84:523–38.

	32.	 Xu S, Lu J, Shao A, Zhang JH, Zhang J. Glial cells: role of the immune 
response in ischemic stroke. Front Immunol. 2020;11:294.

	33.	 Xu X, Zhang L, Ye X, Hao Q, Zhang T, Cui G, Yu M. Nrf2/ARE pathway 
inhibits ROS-induced NLRP3 inflammasome activation in BV2 cells after 
cerebral ischemia reperfusion. Inflamm Res. 2018;67:57–65.

	34.	 Yang F, Wang Z, Wei X, Han H, Meng X, Zhang Y, Shi W, Li F, Xin T, Pang Q, 
Yi F. NLRP3 deficiency ameliorates neurovascular damage in experimental 
ischemic stroke. J Cereb Blood Flow Metab. 2014;34:660–7.

	35.	 Yeung AW, Goto TK, Leung WK. The changing Landscape of neuroscience 
research, 2006–2015: a bibliometric study. Front Neurosci. 2017;11:120.

	36.	 Zhou M, et al. Mortality, morbidity, and risk factors in China and its prov-
inces, 1990–2017: a systematic analysis for the Global Burden of Disease 
Study 2017. Lancet. 2019;394:1145–58.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Global trends and prospects about inflammasomes in stroke: a bibliometric analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Data collection and filtration
	Data analysis

	Results
	Publication types and quantities
	Highly cited articles
	Journals
	Author
	Countries
	Institutions
	Key-word

	Discussion
	Conclusion
	Acknowledgements
	References




