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Background: Acute respiratory distress syndrome (ARDS) is a severe condition
characterized by lung stiffness and compromised gas exchange, often requiring
mechanical ventilation for treatment. In addition to its clinical significance,
understanding the publication trends and research patterns in respiratory
mechanics related to ARDS can provide insights into the evolution of this field
from a bibliometric perspective, aiding in strategic planning and resource
allocation for future research endeavors.

Objective: This study aimed to explore the trends and identify the hotspots in
respiratory mechanics research related to ARDS.

Methods: All relevant studies on respiratory mechanics of ARDS published
between 1985 and 2023 were retrieved from the Web of Science Core
Collection (WoSCC), and the retrieval strategy was topic search “TS = respiratory
mechanics OR lung mechanics AND TS = ARDS OR acute respiratory distress
syndrome.” Annual trends, citation patterns, and contributions from countries,
institutions, authors, and journals were analyzed using Bibliometrix Biblioshiny.
Networks and overlay of authors, institutions, countries, journals, co-citations,
and keywords were analyzed and visualized using VOSviewer.

Results: Our analysis included 1,248 articles published between 1985 and
2023, revealing fluctuations in publication output over time. The United States
emerged as the leading contributor, with Critical Care Medicine being the most
prominent journal. Key research themes included mechanical ventilation, acute
lung injury, and protective ventilation strategies. International collaboration was
evident, facilitating knowledge exchange and interdisciplinary cooperation.

Conclusion: Our study sheds light on the evolving landscape of respiratory
mechanics research in ARDS. International collaboration is pivotal in advancing
the field, while researchers increasingly focus on personalized approaches to
address the complexities of ARDS respiratory mechanics.
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acute respiratory distress syndrome, respiratory mechanics, mechanical ventilation,
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Introduction

Since its first description in 1967, acute respiratory distress syndrome
(ARDS), characterized by stiff lungs and a “baby lung’, has been
researched for over 55years (1, 2). Over the past five decades, several
milestones have shaped our understanding and treatment of ARDS (3).
Notably, the introduction of the American-European Consensus
Conference definition in 1994 standardized the diagnosis and
significantly influenced clinical trials and practice. The subsequent Berlin
Definition in 2012 further refined ARDS classification, leading to a
resurgence in research focused on this syndrome (4). The new global
definition of ARDS proposed in 2024 further expands the definition of
ARDS, promoting its early recognition and diagnosis and ensuring that
patients with ARDS in resource-limited areas are no longer excluded (5).
Despite these advancements, the mainstay of therapy remains mechanical
ventilation, which, while life-saving, can also cause iatrogenic lung injury
if not carefully managed (6-8). The recognition of ventilator-induced
lung injury (VILI), the development of lung-protective strategies, such
as the use of low tidal volumes and appropriate positive end-expiratory
pressure (PEEP), and prone position ventilation represent critical
advancements in ARDS management (9-11). In this scenario, respiratory
mechanics plays an essential role in ARDS management. First, mechanics
variables such as respiratory system compliance, driving pressure, and
mechanical power were considered markers of the severity of ARDS and
contributed to a better understanding of its pathogenesis (12, 13).
Second, respiratory mechanical parameters can guide individualized
mechanical ventilation therapy in ARDS patients, reducing the risk of
ventilator-associated lung injury and enabling the evaluation of
therapeutic effects through bedside monitoring (14-16).

The widespread application and popularity of the Internet have led
to an explosive increase in the publication and citation volume of
medical literature (17). Bibliometric analysis, a well-established and
widely recognized research method, is frequently used to quantify the
impact of scientific articles and evaluate contributions to a research field,
including those by countries, institutions, authors, and journals (18).
Through information visualization and bibliometric analysis, this
method can also reveal trends in temporal changes and research hotspots
in a specific research field (19, 20). At present, it has been widely used in
medical research on sepsis (21), nursing (22), and stomatology (23).
Despite the existence of a limited number of bibliometric analysis studies
in the field of ARDS, to our knowledge, no bibliometric studies have
focused explicitly on ARDS’s respiratory mechanics (24-26). Therefore,
our study fills this gap and offers a unique perspective on the field.

In this study, we conducted an exhaustive bibliometric analysis of
literature on ARDS-related respiratory mechanics, encompassing the
annual number of publications, countries, journals, authors, international
cooperation, and institutions analysis. Furthermore, overlay visualization
maps of co-occurring keywords and clustering analysis were performed
to identify the trends and hotspots of respiratory mechanics research
related to ARDS. This study offers a new perspective and serves as a
foundation for future research on ARDS-related respiratory mechanics.

Abbreviations: ARDS, acute respiratory distress syndrome; COVID-19, coronavirus
disease 2019; IF, impact factor; JCR, journal citation report; PEEP, positive
end-expiratory pressure; TC, total citations; TS, topic search; WoSCC, Web of

Science Core Collection.
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Methods
Data sources and search strategies

All data for this study were retrieved from the Web of Science Core
Collection (WoSCC) via the Capital Medical University Library website.
The retrieval strategy was “[TS=(respiratory mechanics OR lung
mechanics)] AND [TS=(ARDS OR acute respiratory distress
syndrome)]” The publication period was between 1985 and 2023.
Publications in languages other than English were excluded. All searches
were conducted on 6 June 2024 to avoid bias in database updates.
WoSCC data, including titles, authors, institutions, countries, journals,
abstracts, keywords, and references, were downloaded in plain TXT
format. Data collection was performed online, and ethical approval was
not required. Two investigators (ZYM and WYM) independently
performed the searches, demonstrating significant consistency (kx=97%).

Bibliometric analysis and visualization

The raw data were imported to Bibliometrix Biblioshiny, an online
platform of literature metrology, for bibliometric analysis (27).
VOSviewer 1.6.19 (Leiden University, Leiden, The Netherlands) was
used to analyze and visualize networks and overlay of authors,
institutions, countries, journals, co-citations, and keywords (28).

Results

A total of 1,403 articles related to respiratory mechanics of ARDS
published between 1985 and 2023 were initially identified. After
excluding 23 non-English-language publications, 84 early access
articles, and 48 proceedings articles, 1,248 publications were ultimately
analyzed (Figure 1).

Annual tendencies and citations

Figure 2 illustrates the annual trends in publications related to the
respiratory mechanics of ARDS. The number of articles published
each year varied, with notable peaks observed in 2020 and 2021,
during which 75 articles were published each year, constituting 6.0%
of the total publications. The total number of articles cited during the
entire period covered by the data was 40,272, with an average citation
count of 32.27 per article. From 1992 to 2005, the number of articles
remained relatively stable, followed by a significant increase, especially
between 2012 and 2021.

Contribution of countries and institutions

Between 1985 and 2023, 45 countries or regions and 1,316
institutions contributed to publications on the respiratory mechanics of
ARDS. The top 10 countries or regions and the top 10 institutions are
presented in Tables 1, 2. The United States emerged as the most
significant contributor, with 296 articles published, followed by Italy
(n=165), Germany (n=115), China (n=388), France (n=79), Brazil
(n=62), Canada (n=58), Sweden (n=39), Spain (n=36), and Greece
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FIGURE 1
Flowchart of publications including and excluding. WoSCC, Web of Science Core Collection.
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FIGURE 2
Annual trends in publications (upper panel) and citations (bottom panel) related to the respiratory mechanics of ARDS.
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(n=26). The Federal University of Rio de Janeiro led in productivity with
126 articles published, followed by the University of Milan (n=112),
University of Toronto (1n=99), University of Sdo Paulo (n=_86), Harvard
University (n=59), University of Genoa (n=52), University of California,
San Francisco (n=49), Uppsala University (n=43), Massachusetts
General Hospital (n=40), and University of Minnesota (n=37).
VOSviewer software generated a collaboration network based on
countries and institutions. As depicted in Figures 3A,B, close
cooperation among research institutions from various countries was
observed during the research period. The international cooperation
analysis revealed that the United States was the most frequently
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involved in global collaborations, while the University of Milan was
the most commonly engaged institution in international partnerships.

High-yielding journals and the most
influential articles

Until 31 December 2023, 1,248 publications on research linked to
respiratory mechanics of ARDS were published in 235 journals, of
which 48 contained at least 5 publications. The top 10 high-yielding
journals are listed in Table 3, along with their publication counts, total
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TABLE 1 The top 10 countries/regions contributing to publications on respiratory mechanics of ARDS.

Rank Country/region Articles Percentage (%) TC Average article
citations
1 United States 296 23.7 10,431 35.20
2 Italy 165 132 7,596 46.00
3 Germany 115 9.2 3,877 33.70
4 China 88 7.1 717 8.10
5 France 79 63 2,808 35.50
6 Brazil 62 5 2,260 36.50
7 Canada 58 46 3,125 53.90
8 Sweden 39 3.1 1,143 29.30
9 Spain 36 2.9 821 22.80
10 Greece 26 2.1 510 19.60

ARDS, acute respiratory distress syndrome; TC, total citations.

TABLE 2 The top 10 affiliations contributing to publications on respiratory mechanics of ARDS.

Affiliations Country Articles Number of first  TC of the first
author author

Federal University of Rio

1 Brazil 126 2,151 39 1,549
de Janeiro

2 University of Milan Ttaly 112 5,722 46 2,400

3 University of Toronto Canada 99 4,583 11 570

4 University of Sao Paulo Brazil 86 2,546 12 488

5 Harvard University United States 59 1800 10 253

6 University of Genoa Italy 52 1,224 14 231
University of California

7 United States 49 1,222 10 392
San Francisco

8 Uppsala University Sweden 43 754 14 253

9 Massachusetts Gen Hosp United States 40 1,615 16 547

10 University of Minnesota United States 37 1,227 15 378

ARDS, acute respiratory distress syndrome; TC, total citations.

citations, Hirsch index (h-index), Impact Factor in 2022 (IF 2022), and
quartile in the category in 2022 (JCR 2022). Critical Care Medicine is the
most prolific journal in this field with 118 publications, although its IF
2022, h-index, and total citations are not the highest. Intensive Care
Medicine (n=96) has the highest IF in 2022, and the American Journal
of Respiratory and Critical Care Medicine (n=88) has the highest h-index
among the top 10 high-yielding journals. Other notable journals
included Critical Care (n=79), Journal of Applied Physiology (n=45),
Respiratory Care (n=40), European Respiratory Journal (n=35), Current
Opinion in Critical Care (n=30), Annals of Intensive Care (n=29), and
Anesthesiology (n=28). According to Bradford’s law, five journals were
in the core field (Figure 4). The top 10 most highly cited publications are
listed in Table 4.

Contribution of authors

The top 10 most productive authors in respiratory mechanics
research related to ARDS are presented in Table 5. Pelosi P from the
Department of Anesthesia and Intensive Care, San Martino Policlinico
Hospital in Italy, ranks first with 78 articles published and has the
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highest h-index. The top 3 authors with the most citations are
Gattinoni L, Pelosi P, and Brochard L (4,567 vs. Four,360 vs. Two,489
times, respectively, Table 5).

A co-authorship overlay visualization map was generated using
VOSviewer software, with a threshold set to a minimum of 10
documents per author. Finally, 62 authors who met the threshold were
identified. As shown in Figure 5A, Pelosi P has the broadest range of
collaborations, with a total of 25 links, followed by Gattinoni L (n=19),
Chiumello D (n=19), and Brochard L (n=17). A co-citation overlay
visualization map was also generated, with the threshold set to a
minimum of 500 citations per author. Finally, 34 authors who met the
threshold were identified. It is evident from the visualization that Pelosi
P and Gattinoni L have made significant contributions to respiratory
mechanics in ARDS (Figure 5B).

Analysis of keywords
Co-occurrence analysis of keywords was performed with a

minimum threshold of 30 occurrences. Ultimately, 77 keywords out
of 3,783 keywords met the threshold and were divided into three
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FIGURE 3
Co-authorship overlay visualization map of countries (A) and institutions (B). The color of each circle corresponds to the average publication year, the
size of a circle is proportional to the volume of literature, and the thickness of the connecting line indicates the cooperation frequency.

groups: cluster 1, basic respiratory mechanics (bottom left, red);
cluster 2, respiratory mechanics evaluation of ARDS (bottom right,
blue); and cluster 3, treatment of ARDS based on respiratory
mechanics (top, green, Figure 6A). The top 5 highest occurrence
keywords were mechanical ventilation (cluster 3, 519 times), acute
lung injury (cluster 2, 474 times), respiratory-distress-syndrome
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421
times), and acute respiratory distress syndrome (cluster 3, 355
Detailed information on keywords is shown in

(cluster 2, 467 times), end-expiratory pressure (cluster 2,

times).
Supplementary Table S1.

The co-occurrence overlay visualization map of keywords is
shown in Figure 6B. Keywords such as coronavirus disease 2019
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TABLE 3 The top 10 high-yielding journals in research on respiratory mechanics of ARDS.

Ranks Journal title Articles TC H-index IF (2022) JCR (2022)
1 Critical Care Medicine 118 4,966 41 8.8 Q1
2 Intensive Care Medicine 96 4,371 36 38.9 Q1
3 American Journal of 88 7,918 50 24.7 Q1
Respiratory and Critical
Care Medicine
4 Critical Care 79 2,603 31 15.1 Q1
5 Journal of Applied 45 1,485 22 33 Q2
Physiology
6 Respiratory Care 40 663 13 2.8 Q4
7 European Respiratory 35 1,144 19 249 Q1
Journal
8 Current Opinion in 30 731 17 33 Q2
Critical Care
9 Annals of Intensive Care 29 680 18 8.1 Q1
10 Anesthesiology 28 1753 21 8.8 Q1

ARDS, acute respiratory distress syndrome; h-index, Hirsch index; IF, impact factor; JCR, journal citation report; TC, total citations.

Core Sources by Bradford's Law

120

Core
Sources

Articles

CRITICAL CARE

CRITICAL CARE MEDICINE
INTENSIVE CARE MEDICINE
AMERICAN JOURNAL OF RESPI
JOURNAL OF APPLIED PHYSIO

Source log(Rank)

FIGURE 4
Journals in the core field according to Bradford's law.

(COVID-19) (cluster 3, average publication year 2021), driving
pressure (cluster 3, average publication year 2020), protective
ventilation (cluster 3, average publication year 2017), transpulmonary
pressure (cluster 3, average publication year 2017), electrical
impedance tomography (cluster 3, average publication year 2016), and
esophageal pressure (cluster 3, average publication year 2016) were the
earliest keywords. Based on the color intensity, we found that the
research hotspot in ARDS respiratory mechanics research, starting
from basic respiratory mechanics, transitioning gradually to the
assessment of respiratory mechanics in ARDS, and ultimately shifting
toward the treatment of ARDS guided by respiratory mechanics.

Frontiers in Medicine

Discussion

In the present study, we conducted an exhaustive bibliometric
analysis of respiratory mechanics research literature related to ARDS,
leveraging the strengths of bibliometric methods to elucidate
publication trends, research contributions, and emerging hotspots in
the field. By harnessing the power of bibliometric analysis, we aim to
provide valuable insights that can inform future research directions
and clinical practice in the management of ARDS.

The observed fluctuations in the number of publications over time
reflect the dynamic nature of research activity in respiratory mechanics
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TABLE 4 The top 10 most highly cited publications in research on respiratory mechanics of ARDS.

Rank Title Authors

Acute respiratory distress
syndrome caused by

1 pulmonary and Gattinoni et al.
extrapulmonary disease

different syndromes?

Years

1998

Journal

American Journal of
Respiratory and Critical

Care Medicine

10.3389/fmed.2024.1420875

TC

582

TC per year

21.56

The effects of ibuprofen on
2 the physiology and survival | Bernard et al.

of patients with sepsis.

1997

New England Journal of

Medicine

575

20.54

Lung stress and strain
during mechanical

3 ventilation for acute Chiumello et al.
respiratory distress

syndrome.

2008

American Journal of
Respiratory and Critical

Care Medicine

489

28.76

Ventilator-related causes of
4 lung injury: the mechanical | Gattinoni et al.

power

2016

Intensive Care Medicine

456

50.67

Current perspectives in
pulmonary surfactant—
5 Zuo et al.
Inhibition, enhancement

and evaluation

2008

Biochimica et Biophysica

Acta - Bioenergetics

405

23.82

Lower tidal volume
strategy (~3 mL/kg)
combined with

p extracorporeal CO2 Bein et al.
removal versus
‘conventional’ protective
ventilation (6 mL/kg) in
severe ARDS

2013

Intensive Care Medicine

382

31.83

Tidal volume reduction in
patients with acute lung

7 Hager et al.
injury when plateau

pressures are not high

2015

American Journal of
Respiratory and Critical

Care Medicine

372

18.60

Contemporary
management of acute right
ventricular failure: a
statement from the Heart
Failure Association and the
8 Harjola et al.
Working Group on
Pulmonary Circulation and
Right Ventricular Function
of the European Society of

Cardiology

2016

European Journal of Heart

Failure

365

40.56

The application of
esophageal pressure
measurement in patients

with respiratory failure

9 Akoumianaki et al.

2014

American Journal of
Respiratory and Critical

Care Medicine

349

31.73

Effects of recruiting
maneuvers in patients with
acute respiratory distress
10 Grasso et al.
syndrome ventilated with
protective ventilatory

strategy

2002

Anesthesiology

317

13.78

ARDS, acute respiratory distress syndrome; TC, total citations.
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TABLE 5 The top 10 most productive authors in the field link to
respiratory mechanics of ARDS.

Rank Author Articles TC

1 Pelosi P. 78 4,360 33
2 Rocco PR.M. 51 1,594 23
3 Gattinoni L. 45 4,567 28
4 Chiumello D. 37 2,483 21
5 Capelozzi V.I. 35 1,386 21
6 Brochard L. 31 2,489 21
7 Chase J.G. 25 521 16
8 Marini J.J. 25 1,206 12
9 Hedenstierna G. 23 1,047 14
10 Guttmann J. 22 660 16

ARDS, acute respiratory distress syndrome; TC, total citations.

and ARDS. While the number of publications remained relatively
stable from 1992 to 2005, research output significantly increased,
particularly between 2012 and 2021. The observed increase in
publications around 2012 May be attributed to the introduction of the
Berlin Definition of ARDS, which aimed to enhance clinical practice
and research by offering clear criteria for ARDS diagnosis and
classification, leading to an upsurge in scholarly activity focused on
ARDS (4). The significant increase in publications observed around
2020 is likely attributed to the global COVID-19 pandemic (29, 30).
The unprecedented public health crisis sparked by the emergence of
the novel coronavirus led to an intensified focus on respiratory
mechanics related to ARDS (31-34).

The dominance of certain countries, such as the United States,
Italy, and Germany, in publication output, underscores their
significant contributions to the field. The United States has been at the
forefront, leading in innovative clinical trials and the development of
advanced ventilatory strategies for ARDS management, with the
establishment of the ARDS network likely making a significant
contribution (9, 10). Italian researchers have made significant strides
in understanding the pathophysiology of ARDS, with authors Pelosi
P and Chiumello D making particularly outstanding contributions
(35, 36). Over the past decade, China has been experiencing a notable
increase in its publication output in this domain, mirroring the overall
rise in SCI publications in critical care medicine originating from the
country (37). Moreover, prolific authors such as Pelosi P and
institutions such as the Federal University of Rio de Janeiro have
played critical roles in shaping ARDS research through their extensive
publications and collaborations. Pelosi P’s influential studies
differentiate pulmonary from extrapulmonary ARDS. His research
has been fundamental in understanding the unique characteristics
and responses to treatment in these patient populations (35).
Additionally, his investigations into the effects of prone positioning
have provided a deeper understanding of how this technique can
improve outcomes for patients with ARDS, underscoring the
importance of our focus on respiratory mechanics in our current
study (38, 39). The networks among countries and institutions
highlight that international collaboration is crucial for advancing
ARDS research. It facilitates knowledge exchange and fosters
interdisciplinary cooperation (40).
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In examining the contributions of journals to respiratory
mechanic research related to ARDS, we observe significant variations
in publication output and impact. Journals such as Critical Care
Medicine, Intensive Care Medicine, and the American Journal of
Respiratory and Critical Care Medicine emerge as prominent platforms
for disseminating research findings, indicating their pivotal roles in
facilitating scholarly discourse and knowledge dissemination. In
respiratory mechanics research related to ARDS, the American Journal
of Respiratory and Critical Care Medicine typically features studies that
concentrate on the underlying pathophysiological mechanisms,
associated complications, and the strategic management of patients.
The Critical Care Medicine journal tends to present a more
comprehensive array of topics, including various treatment
approaches, the physiological impacts of the disease, and the general
conditions of the illness. In contrast, the Intensive Care Medicine
journal often prioritizes in-depth examinations of targeted
interventions and the mechanisms at play. Understanding the
landscape of journals in respiratory mechanic research related to
ARDS is essential for researchers to strategically select suitable
publication venues that align with their study objectives and target
audiences, ultimately contributing to advancing knowledge in this
critical area of medicine.

The co-occurrence analysis of keywords reveals distinct research
themes and hotspots within respiratory mechanics research related to
ARDS. These include fundamental concepts such as mechanical
ventilation and acute lung injury, as well as emerging topics such as
COVID-19-related respiratory mechanics and advanced monitoring
techniques such as transpulmonary pressure and electrical impedance
tomography. Visualizing keyword networks highlights the progression
of research focused on basic respiratory mechanics, evaluating and
treating ARDS by respiratory mechanics. The co-occurrence overlay
visualization map of keywords indicates that researchers’ interest in
the respiratory mechanics of ARDS is gradually shifting from basic
understanding and treatment of the disease to more detailed and
personalized research directions, aiming to understand better and
address the complex respiratory mechanics features of ARDS (41, 42).

While this study provides valuable insights into the landscape of
respiratory mechanics research related to ARDS, it has some
limitations. First, the bibliometric analysis relies solely on data from
the WoSCC, which May not encompass all relevant publications in the
field. Other databases or sources, such as PubMed or Scopus, could
provide additional data not captured in this analysis. Second, the
inclusion criteria for selecting articles May introduce bias, as
publications in non-English languages were excluded, potentially
overlooking valuable research from non-English speaking countries.
Furthermore, while co-occurrence analysis provides insights into
research trends and hotspots, it does not necessarily imply causation
or the true significance of the identified themes.

Conclusion

Over time, there has been a growing focus on respiratory
mechanics research related to ARDS, highlighting key topics such as
mechanical ventilation and acute lung injury. This study provides
valuable insights for future research and holds promise for advancing
the treatment and management of ARDS patients.
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FIGURE 5
The distribution of authors in respiratory mechanics of ARDS research. (A) Co-authorship overlay visualization map of authors. The color of each circle

corresponds to the average publication year of the author, the size of a circle is proportional to the number of literature, and the thickness of the
connecting line indicates the strength of the co-occurrence link. (B) Co-citation overlay visualization map of authors. The color of each circle
corresponds to the average publication year of the author, the size of a circle is proportional to the total number of citations of the author, and the
thickness of the connecting line indicates the strength of the co-citation.
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FIGURE 6

The co-occurrence map of keywords. (A) Co-occurrence network visualization map of keywords. Keywords were divided into three groups: basic
respiratory mechanics (bottom left, red), respiratory mechanics evaluation of ARDS (bottom right, blue), and treatment of ARDS based on respiratory
mechanics (top, green). (B) Co-occurrence overlay visualization map of keywords. The color of each circle corresponds to the average publication
year of the author, the size of a circle is proportional to the total number of occurrences of the keyword, and the thickness of the connecting line

indicates the strength of the co-occurrence link.
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