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Central sleep apnea (CSA), characterized by unstable ventilatory control during
sleep, poses significant health risks, particularly in patients with cardiovascular
comorbidities. This bibliometric analysis evaluated 1,687 CSA-related publications
(2004-2025) from the Web of Science Core Collection. Annual publications
surged post-2016, peaking in 2021 (115 articles), reflecting growing research
interest. The U.S. and Germany dominated contributions, with American Journal of
Respiratory and Critical Care Medicine as the top journal. Keyword analysis revealed
three focal areas: CSA-heart failure interactions (e.g., mortality, ejection fraction),
CSA mechanisms (e.g., hypercapnia, chemosensitivity), and clinical management
(e.g., adaptive servo-ventilation, phrenic nerve stimulation). Emerging trends
include pediatric CSA, pathophysiology, and Al-driven diagnostics. International
collaboration and multidisciplinary approaches are critical for advancing CSA
research. Limitations include database constraints and evolving literature. This
study maps CSA research trends, highlights gaps, and guides future investigations
into mechanisms, biomarkers, and personalized therapies.
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1 Introduction

Central sleep apnea (CSA) is a subtype of sleep apnea characterized by a lack of respiratory
power during sleep, resulting in hypo- or absent-ventilation and impaired gas exchange, and
marked by unstable ventilatory control during sleep (1). CSA has multiple manifestations,
including high altitude-induced periodic breathing, drug-induced central apnea, idiopathic
CSA (ICSA), obesity hypoventilation syndrome (OHS), and Cheyne-Stokes breathing (CSB).
Although the exact mechanism of induction of CSA may vary greatly among different types,
an unstable ventilatory drive during sleep is a major underlying feature (2-5).

Central sleep apnea is rare in the general population, but is common in patients with
heart failure, stroke, and atrial fibrillation (6, 7). In patients with HF, central sleep apnea is
characterized by Cheyne-Stokes breathing, followed by apnea, mainly manifested by
fatigue, insomnia, daytime sleepiness, and inattention (8). Not only that, central sleep
apnea also has adverse effects on children. CSA occurs predominantly in children with
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underlying conditions (such as Chiari malformation), affecting less
than 5% of healthy children (9, 10). At present, a series of treatment
methods are used to treat CSA, mainly including phrenic nerve
stimulation (11), adaptive servo ventilation (12), continuous
positive airway pressure (13), etc., but there are still some defects.
In recent years, the health risks exposed by central sleep apnea have
attracted great attention from researchers, and there is more and
more literature on this neighborhood. However, bibliometric
research in this field is still a blank. Therefore, bibliometric analysis
of publications, countries, institutions, journals, authors and
keywords is needed to comprehensively summarize the
overview of CSA.

Bibliometrics is the use of statistics to describe or show the
relationship between published works, thus analysing published
information (for example, books, journal articles, abstracts, keywords,
citations, etc.). Bibliometrics can be used to measure the impact of
research articles or to estimate the impact of selected research articles
on future research (14). With the increasing importance of the amount
of research literature and the impact of research, bibliometrics will
continue to play an important role in assessing the impact of research.

This study aims to comprehensively summarize the current
understanding and understanding of central sleep apnea, and conduct
a bibliometric analysis of articles in this neighborhood, which can
systematically evaluate the current research status and development
trends in this field, so as to reveal the research hotspots and potential
research gaps in this field.

2 Materials and methods

2.1 Data source and literature search
strategy

We used the Web of Science (WOS) database for data collection.
To improve the representativeness and accessibility of the data,
we searched the Web of Science Core Collection (WoSCC). From
January 1, 2004 to January 16, 2025, the search formula used was
(TS = central sleep apnea), and a total of 4,726 articles were retrieved.
To facilitate further analysis of the literature content, only articles and
review articles were included in this study. The exclusion criteria were
documents whose topics were unrelated to the research content of this
study, withdrawn or repeatedly published. 1,687 documents were
finally included, exported in the form of complete records, and saved
as plain text files.

2.2 Software for bibliometric analysis

R (version 4.4.0), VOSviewer (version 1.6.20) and CiteSpace
(version 6.4.R1) were used for data analytics and visualization (15, 16).
VOSviewer was used for analysis and visualization of cooperation and
keyword co-occurrence among countries, institutions and authors;
CiteSpace was used to analyze journals and identify burst keywords,
thus visually showing the basic knowledge and hot spots of the
relationship between subject words and diseases, and predicting their
research frontiers; The number of publications was analyzed using the
linear growth function in Excel. Figure 1 shows the flow chart of the
retrieval strategy and selection process in this study.
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3 Result
3.1 Overview of publication status

A total of 1,687 articles on central sleep apnea were included in
this study (Figure 1). The year and cumulative publication count
related to them are shown in Figure 2. The number of publications is
generally on the rise. There were fewer published papers from 2005 to
2015, and the number of publications each year was less than 100.
However, from 2016 onwards, the number of annual publications
gradually increased, reaching a peak in 2021 (115). The relationship
between cumulative publications and the year of publication was
evaluated using a linear growth function that matched the trend in the
number of cumulative publications (R2 = 0.6217). The number of
research publications in the field of central sleep apnea has shown a
significant upward trend in the past 10 years, especially after 2016,
reflecting a significant increase in research interest and activity in
this field.

3.2 Analysis of national publications

Published literature in this field comes from a total of 42 countries/
regions and is analyzed, as shown in Figure 3A. USA ranks first with
657 publications, followed by Germany (241), France (148), Canada
(145), and the remaining countries/regions have less than 140
publications. The cooperation between countries/regions is analyzed
based on VOSviewer software. Nodes represent countries/regions;
node size indicates the number of posts, and the larger the node, the
more posts; the color of the node indicates the clustering to which the
country/region belongs; the lines between nodes indicate the existence
of a cooperative relationship, and the thicker the lines, the closer the
relationship, that is, USA and Germany cooperate most closely,
followed by USA and France, England, Germany and France,
indicating that these countries play a vital role in research in this field.

3.3 Analysis of institution publications

The institutional collaboration network view was used to identify
institutions within a research area and their partnerships. To explore
institutional contributions to central sleep apnea research, we analyzed
partnerships between different institutions (Figure 3B), which were
conducted at 75 institutions worldwide. The institutional Mayo clinic
had the largest number of publications at 112, followed by the
University of Toronto with 94. Harvard Medical School and Brigham
and Women’s Hospital and the University of Toronto collaborated
most closely with the University Health Network and The Hospital for
Sick Children.

3.4 Analysis of journal impact

A total of 903 journals were cited in the 1,687 articles on
central sleep apnea included. The American Journal of Respiratory
and Critical Care Medicine was the most cited journal (1,345),
followed by CHEST (1,284), SLEEP (1,258), and The New England
Journal of Medicine (1,028). The remaining journals all had less
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Flow chart of this study.
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FIGURE 2
Published article trends.
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FIGURE 3
(A) Country cooperation of published articles. (B) Institutional publications.
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FIGURE 4
(A) Number of journal citations. (B) Dual-map overlay of journals.
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than 1,000 citations. We listed the 30 most cited journals, as
shown in Figure 4A. The blue line represents the observation
period 2004-2024, and the red line represents the outbreak time.
The journal “American Review of Respiratory Disease” had the
highest citation burst value (citation burst = 29.32) between 2005
and 2024.

The results of the superposition of the dual-map overlay of
journals show the position of the research on this topic relative to
the main research discipline. Each point on the graph represents a
journal. The graph is divided into two parts. On the left is the
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citation graph and on the right is the cited graph. The curve in the
middle is the citation curve, which completely shows the ins and
outs of citation and provides an understanding of the
interdisciplinary relationship in this field. The longer the longitudinal
axis of the ellipse indicates that more papers are published in the
journal, and the longer the horizontal axis indicates that the number
of authors is more. The results of Figure 4B show that there are
mainly 4 citation paths. The cited journals belong to the fields of
“Medicine, Medical, Clinical”
Immunology.” The cited journals belong to the fields of “Molecular,

and “Molecular, Biology,
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Biology, Genetics,” “Health, Nursing, Medicine” and “Psychology,

Education, Social”

3.5 Author impact analysis

A total of 178 authors were involved in this field of research.
Oldenburg and Olaf were the most published authors with 49 papers,
followed by Arzt and Michael with 33 papers. Research author
cooperation network view analysis is used to identify authors in a
research field and their cooperation intensity, as shown in
Figure 5A. The number of nodes indicates the number of authors, the
size of nodes indicates the number of articles, and the thickness of
connections indicates whether the cooperation relationship between
authors is close. Oldenburg, Olaf, Fox, Henrik, Bitter, Thomas,
Horstkotte, Dieter cooperated most closely, and Giannoni, Alberto,
Emdin, Michele, Passino, Claudio also cooperated closely. Javaheri,
Shahrokh, Germany, Robin, Augostini, Ralph, etc. constitute a high-
yield author group, and clusters formed by multiple author groups
can still be seen in the rest. This shows that author cooperation in the
research field of central sleep apnea is relatively concentrated, and
there is a certain connection between the research teams.

Keyword burst analysis Keywords are the condensation of the
central idea of the paper and the soul of the paper. There are 734
key words in this studyof which 19 have appeared more than 100
times. Among them “central sleep apnea” (N = 731) is the most
frequently used key word followed by “positive airway pressure”
(N =521) “heart failure” (N = 454) etc. The research status and
hot spots in this field can be revealed by analyzing the key words.
After co-occurrence analysis of keywords (Figure 5B) it was found
that relevant research mainly focused on the following three
directions: research on the relationship between central sleep
apnea and heart failure involving keywords such as failure heart
failure patients echocardiography ventricular ejection fraction
and mortality; research on the mechanism of central sleep apnea
involving keywords such as mechanism hypercapnia
hypoventilation and upper airway; clinical research on central
sleep apnea involving keywords such as hypopnea index central
apnea index pediatric patients and inclusion criterium.

Keyword burst analysis can reflect the trend of research
hotspots of central sleep apnea in a certain period of time with
annual changes which is helpful to grasp the cutting-edge
dynamics in this research field. As shown in Figure 6 the top 30
keywords with the strongest citation bursts in central sleep apnea
are shown. The blue line represents the timeline that is the
observation period from 2005 to 2024; the red part on the blue
timeline indicates outbreak detection indicating the start year end
year and burst duration. Key words Congestive heart failure
(16.49) has the strongest emergent degree appearing in 2005; the
emergent time of impact lasts the longest as long as 8 years
indicating that the longest time to study the impact of central
sleep apnea on human health; congestive heart failure is the
earliest focus of researchers starting in 2005. Validation children
mechanisms American academy pathophysiology diagnosis etc.
have become research hotspots in recent years indicating that
researchers have begun to pay attention to the mechanism of
central sleep apnea on the human body, diagnosis, and research
related to children.
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4 Discussion
4.1 Basic information

The aim of this study was to explore the development trend and
characteristics of central sleep apnea (CSA) -related research between
2004 and 2025 through bibliometric analysis. The results showed that
CSA-related research has shown a rapid growth trend since 2004,
especially in 2021. The annual number of articles reached 115,
indicating that CSA-related issues are increasingly attracting
researchers’ attention and interest. The main drivers of this growth
trend include the increasing burden of disease, the increased risk of
cardiovascular complications, diagnostic and treatment challenges,
the growing demand for personalized medicine, and the improvement
of public health awareness. These factors together prompt researchers
to conduct more in-depth investigation and exploration of CSA-related
issues, thus promoting the development and improvement of CSA
research. In addition, this study also found that the fields and
directions of CSA-related research are also expanding and diversifying,
covering a variety of fields, such as clinical medicine, basic medicine,
public health, statistics, etc. Researchers and experts in these fields
jointly promote the progress and development of CSA research
through cooperation and exchanges.

A total of 1,687 academic papers from 42 countries/regions were
included in this study, and the geographical distribution and
international cooperation patterns of global CSA research were
analyzed. The results showed that the United States and Germany
dominated the number of CSA research papers published, showing
the scientific research strength of these two countries in this field.
Further analysis found that the United States-centered international
cooperation occupied the main position in the international
cooperation network, reflecting the central role and international
influence of the United States in the field of CSA research. This leading
position may be attributed to the robust economic strength of the
United States and the continuous high level of medical and health
investment, which provides a solid material guarantee and talent base
for basic research, clinical research and research and development of
new technologies in CSA. High-level scientific research facilities,
sufficient scientific research funds and relatively perfect research
systems all provide favorable conditions for the United States to
maintain its leading position in the field of CSA research. However, it
is worth noting that other countries are also actively participating in
CSA research, and the increasing frequency of international
cooperation has also promoted the sharing and development of
knowledge in this field.

Of the 75 institutions included in this study, 18 of the top 30
institutions are located in the United States. This proportion is similar
to the distribution of the number of published papers by country/
region, which once again confirms the leading position of the
United States in the field of CSA research. Although Germany ranks
second in the number of published papers, only 3 universities have
entered the top 30, indicating that Germany’s research power is
relatively concentrated in a few top institutions. France ranks third in
the number of publications, and only 3 institutions have entered the
top 30, showing that France also has a relatively concentrated
distribution of institutions in CSA research. In contrast, Canada’s Univ
Toronto ranked second with 94 papers, becoming an important
contributor to global CSA research. This phenomenon shows that
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(A) Researcher collaboration. (B) Keyword co-occurrence analysis.
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Keywords
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FIGURE 6
Top 30 keywords with the strongest citation bursts.
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american academy 2020 5.52 2020 2024 —
mechanisms 2005 4.89 2020 2022
children 2005 5.032021 2024
validation 2021 4.74 2021 2024 —

although economy and resources are important factors limiting
research output, various institutions are actively seeking international
cooperation to improve their scientific and technological
competitiveness. Through international cooperation, institutions in
various countries can share resources, technologies, and talents,
thereby improving research quality and output. In addition, these
phenomena also reflect the trend of global scientific research
cooperation. With the complexity of scientific research and the
increasing demand for interdisciplinary, it is difficult for a single
institution or country to independently complete high-level research.
International cooperation not only helps to break through
geographical and resource constraints, but also promotes the sharing
of knowledge and the generation of innovation. Therefore, the active
cooperation of institutions in various countries in the field of CSA
research not only improves their respective scientific research
capabilities, but also promotes the development of the entire field.
Peer-reviewed journals play a vital role in academic publishing,
and they play a key role in ensuring the quality of research and
academic norms. In the field of CSA research, published articles in
core journals often represent the latest progress and important
research results in this field, providing valuable reference and reference
for researchers. When selecting journals to publish papers, researchers
usually refer to the number and influence of papers published by the
journal in the field of CSA to judge the suitability and scope of

Frontiers in Neurology

influence of their journals. The results of this study show that the
American Journal of Respiratory and Critical Care (AM J RESP CRIT
CARE) is the journal with the largest number of CSA-related research
papers published, which indicates that the journal has significant
influence and authority in the field of CSA research and is one of the
important choices for researchers to publish CSA-related research
results. In addition, we also need to pay attention to the contribution
of China in CSA. As the largest developing country in the world,
China has played an important role in the research and development
of this field. We propose to encourage global researchers to establish
cooperative relationships and participate in international multi-center
research projects. Promote the open sharing of CSA research data and
accelerate scientific research progress. Use emerging technologies such
as artificial intelligence, big data and genomics to promote
CSA research.

4.2 Research focus and hotspots

The keywords of research papers are highly refined results of the
authors’ academic achievements, guiding the research direction,
academic topics, publishing framework and core papers. These
keywords not only reflect the authors’ research interests and expertise,
but also predict future research topics and hotspots, which play a key
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role for researchers to explore changes and emerging trends in the
discipline. In this study, the keywords were analyzed using VOSviewer
software. We obtained the following 3 research areas and
corresponding research hotspots:

Mechanisms of interaction between CSA and heart failure: The
association between CSA and congestive heart failure (CHF) has been
widely recognized. CHF may predispose individuals to CSA, which in
turn may exacerbate CHF progression (17). In clinical practice, CSA
in congestive heart failure usually occurs in conjunction with
decreased exercise capacity, reduced ejection fraction, increased left
ventricular volume, and elevated pulmonary capillary wedge pressure,
collectively suggesting that CSA is more likely to occur in later stages
of congestive heart failure (18). At the same time, many risk factors for
CSA in patients with CHF have been identified, including male
gender, higher New York Heart Association (NYHA) functional class,
lower ejection fraction, conscious hypocapnia (arterial partial pressure
of carbon dioxide [PaCO,] < 38 mm Hg), higher prevalence of atrial
fibrillation, higher B-type natriuretic peptide levels, and frequent
nocturnal ventricular arrhythmias (19-22). Numerous studies have
shown that increased respiratory control responses to changes in
PaCO, above and below the apnea threshold are central to CSA
pathogenesis in CHF (23-25). Future research can further explore the
bidirectional mechanism between CSA and CHE especially the role
of respiratory control response, hypocapnia and hemodynamic
changes in it. Use omics technology to accelerate the search for
biomarkers related to CSA and CHEF to identify high-risk patients
early and guide personalized treatment. Strengthen multidisciplinary
collaboration in research, including cooperation in respiratory,
cardiovascular, neuroscience and engineering fields.

Mechanisms of CSA: The basic mechanism of CSA may be due to
hypoventilation or hyperventilation. Revocation of the awake
respiratory drive results in reduced ventilatory motor output, which
may not matter in healthy individuals, but can lead to hypoventilation
or even apnea or thoracic disease in patients with insufficient
ventilatory reserve (eg. patients with neuromuscular disease) (26).
CSA comes in several forms. If altitude is high enough, most people
who rise to high altitude will develop periodic breathing (27). This is
an unstable form of ventilation produced by environmental hypoxia
(low air pressure). Hypoxia at high altitude leads to hyperventilation
and hypocapnia. As a result, ventilation fluctuates between apnea and
shortness of breath. For this, there must be an adequate hypoxic
ventilatory response to drive hyperventilation, leading to hypocapnia
(28). Idiopathic CSA is a relatively uncommon condition, usually with
an elevated hypercapnic ventilatory response. This breathing disorder
occurs predominantly during NREM sleep because chemosensitivity
decreases during REM sleep and is not sufficient to drive cyclic
breathing. These central apneas can be eliminated by CO, inhalation
(29). The third form of CSA, called Cheyne-Stokes respiration, usually
occurs in patients with congestive heart failure and is the result of a
combination of high CO, responsiveness, hypocapnia due to high
filling pressure, and long circulation time (30-33). Future research
may focus on the chemosensitivity of the respiratory center,
neuroregulatory mechanisms, and the molecular basis of ventilatory
instability. For different types of CSA, studying their unique
pathophysiological mechanisms and personalized treatment plans is
essential. Use artificial intelligence, big data and wearable technology
to develop intelligent diagnostic and therapeutic tools to achieve early
screening and dynamic monitoring of CSA.
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Clinical studies related to CSA: Patients with CSA have a wide
range of potential diagnoses, including hypoxic-ischemic
encephalopathy, Ondine syndrome, Prader-Willi syndrome,
primary central apnea, brain tumors, and Down syndrome (34).
Studies have shown that patients with central apnea exhibit higher
central apnea-hypopnea indices (cAHI), and in children with
central apnea and adenotonsillar hypertrophy, adenotonsillectomy
has been shown to improve central apnea (35). In addition, CSA has
a large impact on HE. Without treatment, patients with CSA have
twice as much mortality and morbidity as patients with HF without
sleep apnea, and symptoms overlap with HF (36, 37). Treatment
options for CSA are few and focus primarily on adaptive
servoventilation, which has no effect on morbidity and mortality
and limited impact on quality of life in randomized controlled trials
(38, 39). Recent studies have also found that phrenic nerve
stimulation is an effective treatment for CSA, as measured by
improvements in overall AHI, central apnea index (CAI), and
oxygen desaturation index (ODI) (40). Future studies can explore
the common pathophysiological mechanisms of CSA in these
diseases, especially the role of neuroregulation and respiratory
center dysfunction. To evaluate the long-term efficacy and safety of
adenotonsillectomy and explore other potential treatment methods.
In-depth study of the impact of CSA on mortality, morbidity and
quality of life in patients with HF, and explore the interaction
mechanism between CSA and HE The interaction mechanism
between CSA and HF is complex and involves multiple physiological
systems. It is recommended to strengthen multidisciplinary
collaboration and integrate research resources in respiratory,
cardiovascular and neuroscience fields.

At present, the study still has some limitations, which need to
be considered when interpreting and applying the results. First, the
WoSCC database is a globally recognized database of scientific
publications, which has the characteristics of high quality and wide
coverage. In order to guarantee the accuracy and reliability of the
analysis, the data analytics of this study is only based on the
WoSCC core collection. Nevertheless, this choice may ignore some
high-quality studies that are not included in the WoSCC core
collection, but this does not affect the overall trend and main
conclusions of the results. Secondly, this study uses tools such as
CiteSpace and VOSviewer for keyword frequency statistics,
co-occurrence analysis and cluster analysis, which are of great
value in revealing research hotspots and trends. However, these
tools cannot completely replace systematic literature search and
manual screening. Researchers still need to combine traditional
literature search methods in practice to ensure that important
research results are not missed. Newly published high-quality
research may not be introduced into the analysis in time due to
some factors. For example, newly published articles may not have
been widely cited, or the update lag of databases and other reasons,
resulting in these studies have not been included in the current
analysis. Therefore, timely updates and supplements in follow-up
studies are needed to ensure the timeliness and comprehensiveness
of the results. Overall, despite the above limitations, our study still
lays a solid foundation for researchers to understand the research
topics, hot spots and development trends of CSA. Through
systematic bibliometric analysis, we reveal the current research
status and future directions in this field, providing valuable
references and guidance for related research. In future research,
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we will continue to pay attention to the latest progress in this field
and timely update the analysis results to further improve and
deepen the understanding of CSA.

5 Conclusion

Through bibliometrics and visual analysis methods, this study
summarizes and analyzes the relevant literature in the field of CSA
since 2004, summarizes the research status in this field, and focuses
on its research hotspots and development trends, which is conducive
to researchers to dig deep into the current research results and
promote the development of related research in this field. This
bibliometric analysis underscores the rapid growth of CSA research,
driven by its cardiovascular implications and diagnostic challenges.
Key findings include the dominance of U.S. and German institutions,
robust author collaborations, and evolving research foci on CSA-heart
failure interactions, ventilatory instability mechanisms, and
therapeutic innovations. Emerging keywords (e.g., children,
pathophysiology) signal shifting priorities toward pediatric
populations and molecular mechanisms. Despite advancements, gaps
persist in understanding bidirectional CSA-CHF pathways, long-term
treatment efficacy, and biomarker discovery. Future studies should
leverage omics, Al, and wearable technologies to enhance early
diagnosis and dynamic monitoring. Strengthening global
collaborations and integrating multidisciplinary expertise (e.g.,
cardiology, neuroscience) will accelerate breakthroughs. While limited
by database coverage, this study provides a comprehensive roadmap
for addressing CSA’ clinical and mechanistic complexities, ultimately
improving patient outcomes evidence-

through targeted,

based interventions.

Author contributions

Y-CH: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Validation, Visualization,
Writing - original draft, Writing - review & editing. M-CZ:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Software, Validation, Visualization, Writing — original
draft, Writing - review & editing. W-XL: Data curation, Formal
analysis, Investigation, Validation, Visualization, Writing - original
draft, Writing - review & editing. J-JS: Data curation, Formal analysis,
Investigation, Validation, Writing - original draft, Writing - review &

References

1. Eckert DJ, Jordan AS, Merchia P, Malhotra A. Central sleep apnea: pathophysiology
and treatment. Chest. (2007) 131:595-607. doi: 10.1378/chest.06.2287

2. Heiniger G, Peci A, Marchi NA, Solelhac G, Imler T, Waeber A, et al. Extreme
altitude-induced central sleep apneas lasting more than 100 seconds in a healthy
23-year-old man. J Sleep Res. (2024):e14429. doi: 10.1111/jsr.14429

3. Javaheri S, Randerath WJ, Safwan Badr M, Javaheri S. Medication-induced central
sleep apnea: a unifying concept. Sleep. (2024) 47:38. doi: 10.1093/sleep/zsae038

4. Muza RT. Central sleep apnoea-a clinical review. ] Thorac Dis. (2015) 7:930-7. doi:
10.3978/j.issn.2072-1439.2015.04.45

5. Barbagelata E, Ambrosino I, Diaz DETT, Gonzalez M, Nicolini A, Banfi P, et al.
Gender differences in obesity hypoventilation syndrome. Minerva Med. (2023)
114:372-8. doi: 10.23736/S0026-4806.22.08261-1

Frontiers in Neurology

10

10.3389/fneur.2025.1586667

editing. X-TD: Data curation, Formal analysis, Investigation,
Validation, Writing - original draft, Writing - review & editing. S-JW:
Conceptualization, Funding acquisition, Project administration,
Resources, Supervision, Writing - original draft, Writing - review &
editing. C-LL: Conceptualization, Project administration, Resources,
Supervision, Visualization, Writing - original draft, Writing - review
& editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was funded
by the Science Research Project of Hebei Education Department
(Grant No. QN2022177), Natural Science Foundation of Hebei
Province (Grant No. H2024206002), Science and Technology Research
Project of Colleges and Universities in Hebei Province (Grant No.
7D2022132), Open Project of the Key Laboratory of Forensic
Pathology of the Ministry of Public Security (Grant No.
GAFYBL202303), and Shanghai Key Laboratory of Forensic Medicine
and Key Laboratory of Forensic Science, Ministry of Justice (Grant
No. KF202404).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

6. Javaheri S, Dempsey JA. Central sleep apnea. Compr Physiol. (2013) 3:141-63. doi:
10.1002/j.2040-4603.2013.tb00482.x

7. Lyons OD, Bradley TD. Heart failure and sleep apnea. Can ] Cardiol. (2015)
31:898-908. doi: 10.1016/j.cjca.2015.04.017

8. Bekfani T, Abraham WT. Current and future developments in the field of central
sleep apnoea. Europace. (2016) 18:1123-34. doi: 10.1093/europace/euv435

9. Kirjavainen T, Miraftabi P, Martelius L, Karppinen A. Type one chiari malformation
as a cause of central sleep apnea and hypoventilation in children. Sleep Med. (2024)
116:32-40. doi: 10.1016/j.sleep.2024.02.019

10. McLaren AT, Bin-Hasan S, Narang I. Diagnosis, management and pathophysiology
of central sleep apnea in children. Paediatr Respir Rev. (2019) 30:49-57. doi:
10.1016/j.prrv.2018.07.005

frontiersin.org


https://doi.org/10.3389/fneur.2025.1586667
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1378/chest.06.2287
https://doi.org/10.1111/jsr.14429
https://doi.org/10.1093/sleep/zsae038
https://doi.org/10.3978/j.issn.2072-1439.2015.04.45
https://doi.org/10.23736/S0026-4806.22.08261-1
https://doi.org/10.1002/j.2040-4603.2013.tb00482.x
https://doi.org/10.1016/j.cjca.2015.04.017
https://doi.org/10.1093/europace/euv435
https://doi.org/10.1016/j.sleep.2024.02.019
https://doi.org/10.1016/j.prrv.2018.07.005

Hao et al.

11. Fox H, Oldenburg O, Javaheri S, Ponikowski P, Augostini R, Goldberg LR, et al.
Long-term efficacy and safety of phrenic nerve stimulation for the treatment of central
sleep apnea. Sleep. (2019) 42:158. doi: 10.1093/sleep/zsz158

12.Johnson KG, Johnson DC. Central sleep apnea: adaptive servo-ventilation,
intelligent volume-assured pressure support, and hypoventilation. Chest. (2022)
161:e64-5. doi: 10.1016/j.chest.2021.07.2175

13. Schwarz EI, Scherff F, Haile SR, Steier J, Kohler M. Effect of treatment of central
sleep apnea/Cheyne-stokes respiration on left ventricular ejection fraction in heart
failure: a network Meta-analysis. | Clin Sleep Med. (2019) 15:1817-25. doi:
10.5664/jcsm.8092

14. Cooper ID. Bibliometrics basics. ] Med Libr Assoc. (2015) 103:217-8. doi:
10.3163/1536-5050.103.4.013

15.van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics. (2010) 84:523-38. doi: 10.1007/
s11192-009-0146-3

16.Chen C. Searching for intellectual turning points: progressive knowledge
domain visualization. Proc Natl Acad Sci USA. (2004) 101:5303-10. doi:
10.1073/pnas.0307513100

17. Menon T, Kalra DK. Sleep apnea and heart failure-current state-of-the-art. Int J
Mol Sci. (2024) 25:5251. doi: 10.3390/ijms25105251

18. Bradley TD, Floras JS. Sleep apnea and heart failure: part I: obstructive sleep apnea.
Circulation. (2003) 107:1671-8. doi: 10.1161/01.CIR.0000061757.12581.15

19. Oldenburg O, Lamp B, Faber L, Teschler H, Horstkotte D, Topfer V. Sleep-
disordered breathing in patients with symptomatic heart failure: a contemporary study
of prevalence in and characteristics of 700 patients. Eur ] Heart Fail. (2007) 9:251-7. doi:
10.1016/j.ejheart.2006.08.003

20. Javaheri S, Parker TJ, Liming JD, Corbett WS, Nishiyama H, Wexler L, et al. Sleep
apnea in 81 ambulatory male patients with stable heart failure. Types and their
prevalences, consequences, and presentations. Circulation. (1998) 97:2154-9. doi:
10.1161/01.CIR.97.21.2154

21. Sin DD, Fitzgerald E, Parker JD, Newton G, Floras JS, Bradley TD. Risk factors for
central and obstructive sleep apnea in 450 men and women with congestive heart failure.
Am ] Respir Crit Care Med. (1999) 160:1101-6. doi: 10.1164/ajrccm.160.4.9903020

22. Calvin AD, Somers VK, van der Walt C, Scott CG, Olson LJ. Relation of natriuretic
peptide concentrations to central sleep apnea in patients with heart failure. Chest. (2011)
140:1517-23. doi: 10.1378/chest.10-2472

23.Naughton M, Benard D, Tam A, Rutherford R, Bradley TD. Role of
hyperventilation in the pathogenesis of central sleep apneas in patients with congestive
heart failure. Am Rev Respir Dis. (1993) 148:330-8. doi: 10.1164/ajrccm/148.2.330

24. Hanly P, Zuberi N, Gray R. Pathogenesis of cheyne-stokes respiration in patients
with congestive heart failure. Relationship to arterial PCO2. Chest. (1993) 104:1079-84.
doi: 10.1378/chest.104.4.1079

25. Dempsey JA. Crossing the apnoeic threshold: causes and consequences. Exp
Physiol. (2005) 90:13-24. doi: 10.1113/expphysiol.2004.028985

Frontiers in Neurology

11

10.3389/fneur.2025.1586667

26. Badr MS, Dingell JD, Javaheri S. Central sleep apnea: a brief review. Curr Pulmonol
Rep. (2019) 8:14-21. doi: 10.1007/513665-019-0221-z

27. White DP, Gleeson K, Pickett CK, Rannels AM, Cymerman A, Weil JV. Altitude
acclimatization: influence on periodic breathing and chemoresponsiveness during sleep.
J Appl Physiol. (1987) 63:401-12. doi: 10.1152/jappl.1987.63.1.401

28. Zhou XS, Shahabuddin S, Zahn BR, Babcock MA, Badr MS. Effect of gender on
the development of hypocapnic apnea/hypopnea during NREM sleep. ] Appl Physiol.
(2000) 89:192-9. doi: 10.1152/jappl.2000.89.1.192

29. Xie A, Rankin E, Rutherford R, Bradley TD. Effects of inhaled CO2 and added dead
space on idiopathic central sleep apnea. J Appl Physiol. (1997) 82:918-26. doi:
10.1152/jappl.1997.82.3.918

30. Leung RS, Bradley TD. Sleep apnea and cardiovascular disease. Am J Respir Crit
Care Med. (2001) 164:2147-65. doi: 10.1164/ajrccm.164.12.2107045

31. Javaheri S, Corbett WS. Association of low PaCO2 with central sleep apnea and
ventricular arrhythmias in ambulatory patients with stable heart failure. Ann Intern Med.
(1998) 128:204-7. doi: 10.7326/0003-4819-128-3-199802010-00006

32. Wilcox I, Grunstein RR, Collins FL, Berthon-Jones M, Kelly DT, Sullivan CE. The
role of central chemosensitivity in central apnea of heart failure. Sleep. (1993) 16:S37-8.
doi: 10.1093/sleep/16.suppl_8.s37

33.Javaheri S. A mechanism of central sleep apnea in patients with heart failure. N
Engl ] Med. (1999) 341:949-54. doi: 10.1056/NEJM199909233411304

34. Presti S, Pavone M, Verrillo E, Paglietti MG, Del Colle A, Leonardi S, et al. Long
term ventilation in pediatric central apnea: etiologies and therapeutic approach over a
decade. Pediatr Pulmonol. (2025) 60:€27400. doi: 10.1002/ppul.27400

35. Baldassari CM, Kepchar J, Bryant L, Beydoun H, Choi S. Changes in central apnea
index following pediatric adenotonsillectomy. Otolaryngol Head Neck Surg. (2012)
146:487-90. doi: 10.1177/0194599811428118

36. Khayat R, Jarjoura D, Porter K, Sow A, Wannemacher J, Dohar R, et al. Sleep
disordered breathing and post-discharge mortality in patients with acute heart failure.
Eur Heart J. (2015) 36:1463-9. doi: 10.1093/eurheartj/ehu522

37.Khayat R, Abraham W, Patt B, Brinkman V, Wannemacher J, Porter K, et al.
Central sleep apnea is a predictor of cardiac readmission in hospitalized patients with
systolic heart failure. J Card Fail. (2012) 18:534-40. doi: 10.1016/j.cardfail.2012.05.003

38. Cowie MR, Woehrle H, Wegscheider K, Angermann C, d'Ortho MP, Erdmann E,
et al. Adaptive servo-ventilation for central sleep apnea in systolic heart failure. N Engl
J Med. (2015) 373:1095-105. doi: 10.1056/NEJMoal506459

39. Bradley TD, Logan AG, Lorenzi Filho G, Kimoff RJ, Duran Cantolla J, Arzt M,
et al. Adaptive servo-ventilation for sleep-disordered breathing in patients with heart
failure with reduced ejection fraction (ADVENT-HF): a multicentre, multinational,
parallel-group, open-label, phase 3 randomised controlled trial. Lancet Respir Med.
(2024) 12:153-66. doi: 10.1016/S2213-2600(23)00374-0

40. Mease J, Augostini R, McKane S, Khan M. Phrenic nerve stimulation for central
sleep apnea: a single institution experience. Sleep Breath. (2024) 28:2089-94. doi:
10.1007/s11325-024-03125-x

frontiersin.org


https://doi.org/10.3389/fneur.2025.1586667
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1093/sleep/zsz158
https://doi.org/10.1016/j.chest.2021.07.2175
https://doi.org/10.5664/jcsm.8092
https://doi.org/10.3163/1536-5050.103.4.013
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.3390/ijms25105251
https://doi.org/10.1161/01.CIR.0000061757.12581.15
https://doi.org/10.1016/j.ejheart.2006.08.003
https://doi.org/10.1161/01.CIR.97.21.2154
https://doi.org/10.1164/ajrccm.160.4.9903020
https://doi.org/10.1378/chest.10-2472
https://doi.org/10.1164/ajrccm/148.2.330
https://doi.org/10.1378/chest.104.4.1079
https://doi.org/10.1113/expphysiol.2004.028985
https://doi.org/10.1007/s13665-019-0221-z
https://doi.org/10.1152/jappl.1987.63.1.401
https://doi.org/10.1152/jappl.2000.89.1.192
https://doi.org/10.1152/jappl.1997.82.3.918
https://doi.org/10.1164/ajrccm.164.12.2107045
https://doi.org/10.7326/0003-4819-128-3-199802010-00006
https://doi.org/10.1093/sleep/16.suppl_8.s37
https://doi.org/10.1056/NEJM199909233411304
https://doi.org/10.1002/ppul.27400
https://doi.org/10.1177/0194599811428118
https://doi.org/10.1093/eurheartj/ehu522
https://doi.org/10.1016/j.cardfail.2012.05.003
https://doi.org/10.1056/NEJMoa1506459
https://doi.org/10.1016/S2213-2600(23)00374-0
https://doi.org/10.1007/s11325-024-03125-x

	Research trends and hotspots of central sleep apnea: a bibliometric analysis
	1 Introduction
	2 Materials and methods
	2.1 Data source and literature search strategy
	2.2 Software for bibliometric analysis

	3 Result
	3.1 Overview of publication status
	3.2 Analysis of national publications
	3.3 Analysis of institution publications
	3.4 Analysis of journal impact
	3.5 Author impact analysis

	4 Discussion
	4.1 Basic information
	4.2 Research focus and hotspots

	5 Conclusion

	References

