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Background: Research on extracorporeal membrane oxygenation (ECMO)-
assisted support for pulmonary embolism (PE) has been increasing, yet no
systematic bibliometric analysis has been conducted. This study evaluates
global research trends in this field by analyzing countries, institutions, authors,
journals, references, and keywords.

Methods: Relevant articles and reviews published up to August 15, 2023, were
retrieved from the Web of Science Core Collection (WOSCC). VOSviewer and
CiteSpace software were used for bibliometric analysis of collected data.

Results: Publications on ECMO-assisted support for PE surged from 2015 to
2023, comprising 82.7% (306/370) of total studies. The United States, Germany,
and China contributed 62.97% (233/370) of the research. Perfusion-UK had the
most publications, while Journal of the American College of Cardiology was the
most cited journal. The University of Maryland, Massachusetts General Hospital,
and Harvard Medical School were the leading institutions. Chetan Pasrija
published the highest number of papers, while Konstantinidis SV was the most
co-cited author. Research hot spots include: (1) ECMO management and survival
rates, (2) combined treatments with thrombolysis or surgical thrombectomy, (3)
anticoagulation and clot formation, and (4) ECMO support in COVID-19.

Conclusion: This study aims to increase awareness of research hot spots on
ECMO-assisted support for PE by determining the collaboration and impact
of authors, countries, institutions, and journals. In addition, it comprehensively
reviews research trends on ECMO regarding PE. It also provides a reference for
potential collaborators, institutions, and future research prospects.

KEYWORDS

extracorporeal membrane oxygenation, pulmonary embolism, CiteSpace, VOSviewer,
bibliometrics

Introduction

Acute pulmonary embolism (PE), a clinical and pathological syndrome, is characterized
by sudden obstruction of the pulmonary artery or its branches owing to exogenous or
endogenous thrombi, leading to significant disturbances in pulmonary circulation (1).
Epidemiologically, PE presents an incidence rate of 60-120 cases per 100,000 individuals

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2025.1531716&domain=pdf&date_stamp=2025-03-18
https://www.frontiersin.org/articles/10.3389/fmed.2025.1531716/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1531716/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1531716/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1531716/full
mailto:icuxiong@sina.com
mailto:xiangshulin27@163.com
https://doi.org/10.3389/fmed.2025.1531716
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2025.1531716

Wang et al.

annually worldwide (2). In the United States, PE accounts for an
estimated 60,000-100,000 fatalities each year (3). Moreover, emerging
evidence suggests an increased risk of PE associated with the
COVID-19 virus (4).
Contemporary clinical guidelines recommend systemic
thrombolysis or surgical thrombectomy as reperfusion therapies in
high-risk patients with PE. However, in critically ill patients presenting
with shock or heart failure, thrombolysis needs to be conducted for a
certain duration and intensity to be effective. Although surgical
thrombectomy can be curative for PE, its success rate is notably lower
in patients suffering from cardiogenic shock (5, 6). Multiple case series
and meta-analyses have underscored the pivotal role of extracorporeal
membrane oxygenation (ECMO) in managing PE. Venous-arterial
ECMO (V-A ECMO) has been particularly instrumental in providing
temporary hemodynamic stabilization, thereby serving as a bridge to
surgical or thrombolytic thrombectomy in patients with PE (7, 8).
Bibliometrics is an innovative methodology for assessing the
academic impact of scientific publications. It is used to conduct a
comprehensive evaluation of the qualitative and quantitative attributes
of scholarly literature by examining metrics, such as geographic
distribution of research, journal impact, institutional contributions, and
thematic keywords. Hence, bibliometrics helps in delineating current
trends and identifying emerging frontiers in specialized domains (9).
Its efficacy has been substantiated across diverse biomedical disciplines,
such as inflammation, immunology, and oncology (10, 11).
Bibliometric analyses have contributed significantly to the
development of disease-treatment protocols and clinical guidelines (12).
These analyses synthesize research focus, pinpoint nascent trends, and
elucidate patterns of collaboration within the corpus of published
literature. Moreover, bibliometric methods are instrumental in
identifying under-researched topics, thereby furnishing valuable insights
and strategic guidance for both researchers and academic institutions.
In recent years, researchers have been paying increasingly more
attention to the field of ECMO-assisted support for PE. As a result,

10.3389/fmed.2025.1531716

numerous studies in this field have been published. Therefore, it
becomes critical to summarize the research in this field to gain insights
into the current developments. However, no bibliometrics study has yet
been conducted to support the publication of articles in the field of
ECMO-assisted support for PE. Hence, there is a compelling need to
carry out a bibliometric analysis of the existing research on ECMO-
assisted interventions for PE, to further elucidate and expand upon
this topic.

Methods
Data collection

The Web of Science Core Collection (WOSCC) database, a
prominent multidisciplinary academic bibliographic resource, was
utilized for data retrieval. The following search strategy was employed:
#1((TS = (Extracorporeal =~ Membrane = Oxygenation)) = OR
TS = (ECMO)) AND TS = (pulmonary embolism). This approach
was specifically designed to capture a broad spectrum of relevant
literature. Inclusion Criteria: English-language literature published
from 1995 to 2023, including original research articles and review
articles. Exclusion Criteria: Non-English literature, conference
abstracts, book chapters, and other non-peer-reviewed publications
(Figure 1).

The initial screening and selection of references were meticulously
conducted by two authors (WW and XSL). Discrepancies encountered
during this process were diligently resolved through a consensus-
building meeting. The resulting data were systematically downloaded
in full-text format, ensuring comprehensive coverage and analysis.
Each file was methodically recorded and named in plain text format,
adhering to the specific file naming convention “Download*.txt” to
facilitate subsequent analysis using CiteSpace 6.2.4, a software
program known for its specificity in file name recognition.

‘Web of Science database

AND TS = (pulmonary embolism)

TS = (Extracorporeal Membrane Oxygenation)) OR TS = (ECMO))

Publications retrieved(480)

Exclusion criteria

Conference papers, abstracts,
letters and other unrelated
publications (99)

Publications identified (370)

Non-English publications (11)

Bibliometrics and Visual Analysis

FIGURE 1
Flow chart of bibliometric analysis of ECMO for PE.
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Data processing

VOSviewer, a software program developed by Nees Jan and
Ludo (53), facilitates the creation, visualization, and exploration
of bibliometric maps based on web data. Utilizing VOSviewer
version 1.6.18, we generated knowledge maps encompassing
various bibliometric indicators, such as published journals,
contributing countries, production journals, co-cited journals,
authors, co-cited authors, and related literature. Additionally,
we constructed keyword co-occurrence and clustering graphs
based on textual data to further elucidate thematic concentrations.

CiteSpace, another major tool for bibliometric and visual
analyses, allows the detection of collaborations, key points,
internal structures, and evolving trends within a research field
(13). We employed CiteSpace version 6.2.4 to focus on visualizing
the co-occurrence of countries and institutions, dual journal
maps, trends in high-frequency keywords, as well as citations and
bursts of references. We configured CiteSpace by considering the
period of 1995-2023, with specific parameters for pruning
(minimum spanning tree and pruned slice network) and selection
criteria (top N = 25), while maintaining other settings at their
default configurations.

Data analysis

Microsoft Office Excel 2019 was employed for database
management and analysis of annual publication trends. We accessed
the 2019 Impact Factor (IF) and Journal Citation Reports (JCR)
categories from the Science Network Journal Citation Report
published on August 15, 2023. All data utilized in this study were
sourced from publicly available databases. Consequently, this study
did not need ethical approval.

Statistical analysis

This study was descriptive and did not involve any statistical
analysis methods.

10.3389/fmed.2025.1531716

Results
Trends in annual publication

The data-retrieval strategy yielded a total of 480 articles. A
rigorous screening of these articles eliminated 99 articles, including
non-reviews and monographs, from the analysis. Eleven articles not
written in English were also omitted. Consequently, the final dataset
comprised 370 articles that conformed to the inclusion criteria,
spanning the period from 1995 to 2023. Notably, the dataset revealed
a marked upward trajectory in the volume of publications related to
ECMO-assisted interventions for PE over the last 8 years (2015-2022).
The year 2022 alone witnessed the publication volume nearly
quintuple to that of 2015, as illustrated in Figure 2. Based on the trend
analysis results, we can anticipate a continued increase in the number
of publications in this field in the coming years.

Global collaboration: countries/regions
and institutions

Global collaboration is essential for the further development of this
research field. As shown in Figures 3A,B, collaboration among 47
countries/regions and 703 institutions across the world resulted in the
publication of 370 papers. The United States led this list with 146
papers, constituting 42.9% of the total, followed by Germany (47
papers, 12.70%), China (40 papers, 10.81%), and France (27 papers,
7.30%) (Table 1). Notably, the United States, which occupies the central
position in the global collaboration network, predominantly published
its papers after 2019. According to the total international score (TIS),
the countries/regions with the maximum collaborations were the
United States (84), Germany (73), Italy (60), and the United Kingdom
(56), highlighting a dynamic interplay of international cooperation.

Employing VOSviewer, we constructed an institutional network
map by selecting 32 institutions from the abovementioned pool of 703,
based on a publication threshold of four or more papers between 1995
and 2023 (Figures 3C,D). The top 10 institutions in terms of
publication count included Massachusetts General Hospital (10
papers), Harvard Medical School (9 papers), University of Michigan
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VOSviewer (institutions with a publication threshold of >30 articles).
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TABLE 1 Top 10 prolific countries/regions.

Rank  Country Documents TC AAC TLS
1 USA 146 4,578 31.4 64
2 Germany 47 5,474 116.5 73
3 China 40 2,198 55.0 12
4 France 27 6,931 256.7 51
5 Japan 26 421 16.2 6
6 Italy 24 5,102 212.6 60
7 England 23 4,963 215.8 56
8 Australia 18 1,934 107.4 26
9 Canada 16 2,467 154.2 24
10 South Korea 16 133 8.3 5

(9 papers), and University of Pennsylvania (9 papers) (Table 2).
Among these leading institutions, the majority are based in the
United States (8 out of 10), with the Czech Republic and France each
contributing one institution to the top 10.

Analysis of journals and co-cited journals

We again employed VOSviewer to conduct a co-citation analysis and
screen co-cited journals to determine the most prominent and influential
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publications in this domain (Figures 4A,B). Our findings revealed that
370 articles were published on the topic across 23 academic journals.
Leading this publication count was Perfusion-UK with 28 articles
(3.21%), followed by ASAIO Journal, Journal of Cardiothoracic and
Vascular Anesthesia, Resuscitation, and The Annals of Thoracic Surgery.
In terms of citations, Perfusion-UK again topped the list, closely followed
by Critical Care. Among the top 10 journals, two boasted an IF of >5,
while three journals belong to JCR Q1 (Table 3).

In a broader scope, among the 1,685 co-cited journals with over 48
citations each, 48 journals exceeded the 50-citation mark. Circulation led
this group with 596 citations, followed by The Annals of Thoracic Surgery
(557 citations), Chest (523 citations), and New England Journal of
Medicine (503 citations) (Figures 4C,D; Table 4). Notably, seven of the
top 10 most-cited journals were classified within the JCR QI category,
each with an IF exceeding 8. Five of these leading journals are based in
the United States, three in Netherlands, and two in the United Kingdom.

The double mapping analysis illustrated the thematic distribution of
academic journals (Figure 5A). The map depicted the cited journals on
the left and the citing journals on the right, with colored lines denoting
co-citation links. A singular green main line was observed, indicating a
predominant trend where research published in health care/medical/
nursing journals is also predominantly cited by studies in health care/
nursing/medical domains.

We developed a co-citation reference timeline, as depicted in
Figure 5B. This timeline view employs a visual approach that integrates
clustering with temporal segmentation. The arrangement of cluster
labels, based on their chronological emergence post-clustering, reflects

frontiersin.org
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TABLE 2 Top 10 institutions.

10.3389/fmed.2025.1531716

Rank Organization Country Documents TC AAC TLS
1 University of Maryland USA 12 359 29.9 4
2 Massachusetts General Hospital USA 10 377 37.7 7
3 Harvard Medical School USA 9 244 27.1 15
4 Emory University USA 9 248 27.6 14
5 University of Michigan USA 9 460 51.1 8
6 University of Pennsylvania USA 7 328 46.9 15
7 Sorbonne University France 7 102 14.6 7
8 Charles University in Prague Czech 7 563 80.4 3
9 University of Pittsburgh USA 6 361 60.2 14
10 University of Kentucky USA 6 242 403 9
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FIGURE 4

(co-citation count >50).

(A,B) Visual map of journals generated by VOSviewer (journals with >4 publications); (C,D) Visual map of co-cited journals generated by VOSviewer
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the evolution of research themes and their interrelations within the field.
In this visualization, nodes aligned on a horizontal plane signify different
years; nodes to the left indicate older references, while those to the right
denote more recent ones. Horizontal lines on the same level encapsulate
the entire collection of references within a given cluster. The designation
of the cluster is positioned at the extreme right of the temporal axis. At
the forefront of the timeline is cluster “40 pulmonary embolism,”
succeeded by “#1 case report,” “#2 acute respiratory distress syndrome,”

“#3 cardiogenic shock;” “#4 cardiac arrest;” and “#5 treatment””

Frontiers in Medicine

Authors and co-cited authors

A total of 2,288 authors have contributed to the scholarly discourse
on ECMO-assisted research for PE. Among these, 76 authors have
published three or more articles each. Notably, three authors have each
published six articles (3.94%), and five authors have published five
articles each (6.58%). An author network map was constructed based on
a minimum publication threshold of three papers (Figures 6A,B).
Leading the publication count was Chetan Pasrija from the United States,

frontiersin.org
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TABLE 3 Top 10 journals.

10.3389/fmed.2025.1531716

Rank Journal Country  IF (2022) JCR Documents Citations AAC TLS
(2022)
1 Perfusion-UK ENGLAND 1.200 Q4 28 362 12.9 106
2 Asaio Journal USA 4.200 Q3 14 273 19.5 35
3 Journal of Cardiothoracic and Vascular ENGLAND 2.800 Q4 11 50 4.5 17
Anesthesia
4 Resuscitation Netherlands 6.500 Q2 10 249 24.9 57
5 Annals of Thoracic Surgery Netherlands 4.600 Q2 9 341 379 63
6 Critical Care Medicine USA 8.800 Q1 8 151 18.9 45
7 American Journal of Emergency Medicine ENGLAND 3.600 Q4 7 53 7.6 21
8 Journal of Cardiothoracic Surgery ENGLAND 1.600 Q4 7 22 3.1 10
9 ‘World Journal of Clinical Case USA 1.100 Q4 7 3 0.4 4
10 Seminars in Respiratory and Critical Care USA 3.200 Q3 6 71 11.8 15
Medicine
TABLE 4 Top 10 co-cited journals.
Rank Journal Country IF (2022) JCR (2022) Citations TLS
1 Circulation USA 37.800 Q1 596 35,626
2 Annals of Thoracic Surgery Netherlands 4.600 Q2 557 17,109
3 Chest USA 9.600 Q1 523 31,973
4 New England Journal of Medicine USA 158.5 Q1 503 36,322
5 European Heart Journal ENGLAND 39.300 Q4 369 23,762
6 Resuscitation Netherlands 6.500 Q2 352 12,609
7 Journal of The American College of Netherlands 24.000 Q1 344 21,637
Cardiology
8 Critical Care Medicine USA 8.800 Q1 323 14,063
9 Journal of Thoracic and Cardiovascular USA 6.000 Q1 308 12,621
Surgery
10 Lancet ENGLAND 168.900 Q1 268 16,401

followed by Combes Alain from France and Roberto Lorusso from
Netherlands (Table 5). In Figure 6B, the clustering of Aleksander
Araszkiewicz, Tatiana Mularek-Kubdzaniewska, and Marek Roik in
yellow indicates their recent entry into the field and their active
publication record.

Among the 7,094 co-cited authors, Konstantinidis SV had the
highest citation count (n = 159), followed by Paul D Stein (1 = 89), Nils
Kucher (n=86), Samuel Z Goldhaber (n =84), Nicolas Meneveau
(n = 80), and Chetan Pasrija Combes (1 = 75) (Table 5). A density map
was generated for authors with co-citations exceeding 30 times (T > 30)
(Figures 6C,D). The map highlighted, in the most intense color,
Konstantinidis SV as the most cited author.

Top keywords

Keyword graph and cluster analyses were meticulously conducted
using VOSviewer (Figures 7A,B). This analysis yielded a total of 1,196
keywords, among which 32 appeared more than 20 times each. A
frequency-density plot, a tool for identifying high-frequency
co-occurring terms, is a highly useful method for identifying the
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prevailing themes within a specific research field. As depicted in
Figure 7C and detailed in Table 6, “ECMO” emerged as the most
prominent keyword, followed by “PE,” “management,” “life support,”
“successful,” “embolization,” “thrombolysis;,” “diagnosis,” “survival,”
“blood clotting,” “acute heart failure,” “venous thromboembolism,”
“COVID-19;” and “heart failure” These terms collectively highlight the
focal points and evolving trends in research on ECMO-assisted
support for PE.

Cited references and top 20 highly cited
references

In our comprehensive analysis of cited references within the field
of ECMO-assisted support for PE, we employed VOSviewer to identify
the top 10 most-cited references from 1995 to 2023 (Figures 8A,B).
The most cited article, authored by Jaff MR and published in
Circulation in 2011, titled “Management of massive and sub-massive
pulmonary embolism, iliofemoral deep vein thrombosis, and chronic
thromboembolic pulmonary hypertension: a scientific statement from
the American Heart Association,” garnered 68 citations. It was

frontiersin.org
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TABLE 5 Top 10 authors and co-cited authors.

ot s T s ot e s

Chetan Pasrija

2 Alain Combes

3 Roberto Lorusso

4 Piotr Pruszczyk

5 Bartley P. Griffith

6 Nicolas Meneveau

7 Alois Philipp

8 Jay Giri

9 Aleksander Araszkiewicz
10 Tatiana Mularek-Kubzdela
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Stavros V Konstantinides

224 37.3 13 Paul D Stein
2,313 385.5 13 Nils Kucher
2,295 459.0 42 Samuel Z. Goldhaber
168 33.6 31 Nicolas Meneveau
2,383 476.6 18 Chetan Pasrija
69 13.8 17 Michael R Jaff
205 41.0 5 Clive Kearon
53 13.3 33 Paul Maggio
53 133 33 Fillipo Corsi
07

1,775
89 1,671
86 1,103
84 754
80 944
75 729
68 588
63 867
60 351
56 33
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(A,B) Visual map of authors generated by VOSviewer (authors with >3 total publications); (C,D) Visual map of co-cited authors generated by VOSviewer
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followed, with 60 citations, by “Extracorporeal life support for massive
pulmonary embolism,” authored by Maggio P and published in the
Journal of Trauma and Acute Care Surgery in 2007. The third most-
cited work, by Stavros V Konstantinides in the European Heart Journal
in 2014, was titled “2014 ESC Guidelines on the diagnosis and
management of acute pulmonary embolism,” which received
57 citations.

CiteSpace was utilized to assess the highly cited references. The trend
of increasing citations over time highlights the widespread recognition
and enduring impact of these studies within the field (Figure 8C).
Notably, among the top 20 highly cited studies, the 2014 publication of
Konstantinides SV in the European Heart Journal (2015-2020, Strength
14.86) and the 2012 paper of Malekan R in the Annals of Thoracic Surgery
(2013-2018, Strength 9.11) emerged as recent high-impact articles.

Discussion
Bibliometrics and visual analyses

Bibliometrics, a methodology for quantitative analysis for the
review and investigation of literature within professional fields,
traces its origins to the early 20th century (14). This analytical
process provides detailed insights regarding published papers,
including information related to authors, keywords, journals,
and references. Using computer

countries, institutions,
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technology, bibliometric analysis employs visual representations,
such as graphs and charts, to render complex data more
comprehensible and accessible (15).

Visual analysis, a key component of bibliometrics, elucidates
the intricate relationships among various elements of scholarly
work. It reveals common research themes shared by different
authors, highlights the focal areas of research across institutions,
detects emerging theories, and projects future research trajectories
within a field (16). This approach not only simplifies the
understanding of dense academic information but also provides a
macroscopic view of the evolving trends and patterns in a
specific domain.

Trend regarding ECMO-assisted support
for PE

The period spanning 1995 to 2010 saw the beginning of
research on ECMO-assisted support for PE. This period was
understandably characterized by the paucity of substantial
evidence. However, as medical technology advanced over time, an
increase in scholarly publications was noted, signaling the growing
significance of this field of research. The advent of the COVID-19
pandemic in 2019 further accelerated this trend, as the incidence
of PE cases rose globally, which in turn catalyzed more intensive
research on ECMO-assisted support for PE. In 2022, the field
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A B
surgical embolectorny
agl‘e‘ oxygen
anticoagulation
covid-19
VOSviewer
2017 2018 2019 2020
C
Keywords Year Strength Begin End 1995 - 2023
failure 1009 32 1999 2012
inhaled nitric oxide 1009 3.17 1999 2011
dysfunction 1999 2.13 1999 2013
circulatory support 2000 2.87 2000 2017
transesophageal echocardiography 2000 231 2000 2011
embolism 2002 4.20 2002 2014
extracorporeal life support 2007 4.01 2007 2016
cardiopulmonary bypass 2008 3.56 2008 2015
massive pulmonary embolism 2002 32015 2017
therapy 2006 2.76 2015 2019
thrombosis 2015 246 2015 2017 —
experience 2005 243 2015 2018
metaanalysis 2017 2.55 2017 2020 — .
thrombolysis 2018 346 2018 2020 — .
pulmonary embolism response team 2018 272 2018 2019 —
deep vein thrombosis 2007 246 2018 2020
adults 2018 24 2018 2020 — .
catheter directed thrombolysis 2018 2.32 2018 2020 —
right heart thrombi 2019 2.89 2019 2020 —
care 2019 2.53 2019 2020 —
surgical embolectomy 2018 3.21 2020 2023 e —
society 2020 3.19 2020 2021 —
respiratory distress syndrome 2005 2.51 2020 2023
ards 2020 2.28 2020 2021 —
high-risk pulmonary embolism 2021 2.15 2021 2023 —
FIGURE 7
(A,B) Visual map of keywords generated by VOSviewer (frequency of occurrence >20 times); (C) Top 25 key burst words generated by CiteSpace.

reached its zenith with 68 publications. It is projected that
research in this domain will continue to flourish in the
coming years.

Communication and cooperation between
countries, institutions, and authors

The United States leads in publication volume globally,
suggesting a correlation between research output and economic
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development. Developed countries, such as Germany, the
United States, Italy, and the United Kingdom, exhibit higher total
link strength (TLS), indicative of robust collaborative efforts in this
research field. China, ranking third in article output, shows lower
metrics in total citations, average citation rate, and TLS, pointing to
a need for enhancing the quality of research and fostering
international communication and cooperation. Among the
publishing institutions, the University of Maryland leads the world
in research in this field, which is inseparable from Chetan Pasrija—
an ECMO expert at the university. He has published numerous
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TABLE 6 Top 10 keywords.

Rank Keyword Occurrences  Total link
strength
1 extracorporeal membrane 195 635
oxygenation
2 pulmonary embolism 126 486
3 management 96 403
4 life-support 64 266
5 ECMO 62 184
6 outcomes 47 214
7 embolectomy 41 217
8 therapy 38 163
9 thrombolysis 34 192
10 diagnosis 34 139

studies on ECMO, all of which are authoritative. In the author
network map, a uniform color denoting a single cluster signifies a
robust correlation among authors within that cluster. For instance,
the collaboration among Matthias Lubnow, Alois Philipp, Jan
Belohlavek, all belonging to the same cluster, is notably positive.
Moreover, intercluster collaborations are evident, as seen in the
interactions among Nicolas Meneveau, Lee Su Nam, and Matthieu
Schmidt. Each node in the network map represents an individual
author, with the size of the node reflecting the author’s publication
volume. The connecting lines symbolize co-occurrence relationships
among authors; too many lines indicate frequent collaborations.

A pronounced co-occurrence relationship is observed between
authors and their co-authors, with highly productive authors often
engaging more frequently in collaborative efforts. An analysis of the
data related to authors, citing authors, and cited literature showed that
scholars, such as Konstantinides SV, Chetan Pasrija, Alain Combes,
and Roberto Lorusso, are leading figures in this field. Their
prominence and expertise suggest that these scholars and their teams
could be valuable collaborators for future researchers in ECMO-
assisted support for PE. It is imperative to emphasize the importance
of fostering collaboration among authors, institutions, and nations.
International cooperation is a potent driver for advancing knowledge
and implementing practical changes in this field. Hence, there is a
pressing need to actively enhance global collaborative efforts to spur
innovation and development in ECMO-assisted support for
PE research.

Popular journals and development
prospects

Perfusion-UK is at the forefront of international research and
development on ECMO-assisted support for PE. It focuses on
research in the field of peripheral vascular disease, providing the
latest information on all aspects of perfusion, oxygenation, and
biocompatibility and their application in modern cardiac surgery.
Circulation is one of the world’s top journals and the most co-cited
journal. It generally publishes scientifically excellent original research
manuscripts, review articles, and other content related to clinical and
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laboratory research on cardiovascular disease, including
observational studies, clinical trials, epidemiology, health services,
and outcome studies, as well as advances in basic and translational
research. Our study findings reveal that a significant proportion of
articles on ECMO-assisted support for PE are published and cited in
esteemed journals, reflecting the increasing global scientific interest
in this domain. This trend also underscores the keen focus of these
journals on research related to ECMO-assisted support for PE. Such
insights are invaluable for future researchers in selecting appropriate
journals for publishing their work in this field. Notably, countries
with leading journals and prolific publications, such as the
United States, are at the forefront of this research field. To clarify the
positioning of ECMO-supported PE research in comparison to the
interrelationships between major research disciplines and journals, a
dual mapping overlay of journals was constructed. The dual citation
curve fully depicts the intricacies of citation dynamics.
We emphasized robust and seamless citation connections using the
Z-score. Notably, the research on ECMO-assisted support for PE
mainly tends to focus on the development of the clinical discipline.
We suggest that future research in this field should be directed toward
strengthening basic research and integrating multidisciplinary

management approaches.

Most popular articles on ECMO-assisted
support for PE

The most cited article in the field of ECMO-assisted support for
PE is “Extracorporeal life support for massive pulmonary embolism”
by Maggio P, published in 2007 (17). This seminal study conducted a
comprehensive review of case data from 21 patients who underwent
ECMO treatment for massive PE between 1992 and 2005. Within this
cohort, 19 patients were treated with VA-ECMO and 2 with
VV-ECMO. The average duration of support for survivors was
5.4 days, ranging from 5 h to 12.5 days. Notably, the overall survival
rate was 62% (13 out of 21 patients). This research highlighted the
potential of ECMO as a life-sustaining intervention for critically ill
patients with severe PE, especially those who are unable to tolerate
other forms of intervention or treatment. At the time of its
publication, this study represented the largest reported cohort of
ECMO treatment for PE. The co-citation analysis of such highly cited
literature offers invaluable insights, enabling a deeper understanding
in ECMO-assisted

of the evolving knowledge structures

treatment for PE.

Research trends and progress of
ECMO-assisted support for PE

Over the past two decades, the application of ECMO as a
supportive therapy in the treatment of PE has undergone significant
advancements and evolution. By analyzing the progression of research
hotspots, it is evident that the role of ECMO in the management of PE
has transitioned from initial exploratory studies to more refined
clinical applications, ultimately contributing to the establishment and
optimization of standardized treatment protocols. Based on the
distribution of research keywords, the studies on ECMO-supported
PE management can be categorized into three major phases, with the
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keywords from each phase reflecting distinct focal points and
technological advancements.

Phase | (before 2007): exploring the
feasibility of ECMO in PE management

From 1999 to 2007, research primarily focused on investigating
the feasibility and early technical applications of ECMO for supporting

»

patients with severe PE. Keywords such as “failure;” “inhaled nitric

oxide,” “dysfunction,” “circulatory support,” and “transesophageal
echocardiography” reflect the preliminary exploration of ECMO’s role
in addressing cardiopulmonary failure during this period. PE, as an
acute and potentially fatal vascular disease, is often accompanied by
acute right ventricular dysfunction and severe circulatory collapse,
rendering conventional treatments such as anticoagulation,
thrombolysis, and surgical embolectomy insufficient in certain critical
cases. During this time, ECMO emerged as a temporary extracorporeal
circulatory support modality, garnering increasing attention from the
critical care field for its potential to address the limitations of
traditional therapeutic approaches.

In 1995, M. J. Davies reported a case of ECMO application in an
awake patient with acute massive PE, achieving favorable outcomes
while avoiding the risks associated with general anesthesia and open
pulmonary embolectomy. This case expanded the scope of ECMO’s
role in the circulatory management of acute massive PE (18). In 2001,
a 58-year-old woman presenting with acute cardiopulmonary failure
due to massive PE underwent pulmonary angiography and open
surgical embolectomy under ECMO support, demonstrating strong
evidence for ECMO?s feasibility in such critical situations (19). In
2006, Meneveau et al. published a prospective single-center study on
patients with PE undergoing thrombolysis, highlighting that surgical
embolectomy combined with ECMO support could serve as an
effective rescue strategy following thrombolysis failure in acute
massive PE (20). Similarly, in 1999, Von Segesser LK analyzed ECMO’s
use in severe PE cases, emphasizing its potential as a lifesaving
intervention in specific scenarios, such as neonatal and pediatric
cardiopulmonary support systems. However, sepsis was considered a
contraindication for ECMO at that time (21). A new case reported in
an emergency medicine journal during this phase underscored the
benefits of early ECMO initiation for critically ill PE patients,
suggesting improved prognoses with prompt circulatory support (22).
Research during this period primarily focused on exploring ECMO’s
ability to provide circulatory support for patients with acute
PE-induced right ventricular failure, especially in cases where
significant right ventricular dysfunction rendered conventional
treatments ineffective. Keywords such as “failure” and “dysfunction”
indicate the emphasis on addressing respiratory and circulatory
system failure in severe PE cases during this early stage.

Acute PE can lead to right ventricular (RV) failure and pulmonary
hypertension, making hemodynamic stabilization a critical focus of
management. Inhaled nitric oxide (iNO), a pulmonary vasodilator, has
been extensively studied as an adjunct to ECMO, aiming to reduce
pulmonary vascular resistance, alleviate pulmonary hypertension,
decrease RV workload, and improve oxygen saturation. Research on
the combined use of iNO and ECMO has primarily concentrated on
conditions such as persistent pulmonary hypertension of the newborn
(PPHN) and acute respiratory distress syndrome (ARDS). In 1994,
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Finer, N., demonstrated the efficacy of combining iNO with high-
frequency ventilation in treating severe PPHN, noting that some
patients required ECMO support and achieved favorable outcomes
(23). Konduri, G., in a randomized trial, compared early versus
standard iNO therapy for term and near-term neonates with hypoxemic
respiratory failure, revealing that early iNO use reduced the need for
ECMO (24). Similarly, Davidson, D., in a 1998 multicenter randomized
controlled study, evaluated the effects of varying doses of iNO in term
neonates with PPHN, with ECMO support utilized in certain cases,
thereby providing critical evidence for the combined application of
iNO and ECMO in managing severe respiratory failure (25).
Additionally, transesophageal echocardiography (TEE) emerged as
a pivotal diagnostic and monitoring tool during this period. TEE
enabled real-time assessment of RV function and hemodynamic changes
under ECMO support, offering invaluable guidance for clinical decision-
making. In 1995, Marcus B. reported on the application of TEE in
pediatric patients requiring ECMO post-cardiac surgery. The study
highlighted TEE's ability to provide accurate diagnostic information
when transthoracic echocardiography was limited, allowing more
effective evaluation and treatment guidance (26). TEE also proved
instrumental in identifying complications during ECMO cannulation,
such as mispositioning of venous cannulas through the atrial septum
into the left atrium, and guiding their repositioning into the inferior
vena cava (27). Moreover, TEE has been validated as a highly effective
bedside tool for diagnosing suspected massive PE. It provides clear
visualization of the pulmonary artery trunk, right pulmonary artery, and
proximal left pulmonary artery. Skilled clinicians can use TEE-derived
anatomical and functional information to assess ventricular function
and guide timely thrombolytic interventions (28). Overall, research
during this phase predominantly focused on elucidating the
pathophysiological mechanisms underlying acute PE and exploring the
feasibility of ECMO?s initial applications. These investigations laid the
foundation for subsequent advances in ECMO-assisted PE management.

Phase Il (2008-2017): expansion of ECMO
use and optimization of treatment
strategies

Between 2008 and 2017, advancements in technology and the
successful application of ECMO in critically ill patients shifted its role
in PE from theoretical exploration to practical clinical
implementation. During this phase, research focused on expanding
the indications of ECMO and optimizing therapeutic strategies for
different types of PE. Keywords such as “embolism,” “extracorporeal
life support,” and “cardiopulmonary bypass” highlighted the growing
trend of ECMO as an essential emergency intervention, its integration
with traditional extracorporeal circulation techniques, and its
significance in maintaining life support. Benjamin and Assouline
provided insights into the application of VA-ECMO in the
management of high-risk PE, evaluating its efficacy as a standalone
therapy or a bridge to other treatments. They emphasized that despite
the increasing use of VA-ECMO, the evidence base remained limited,
necessitating prospective randomized trials to compare its outcomes
with systemic thrombolysis (29). Rasha Al-Bawardy and colleagues
summarized their experience with ECMO in patients experiencing
massive PE complicated by cardiac arrest. They reported that ECMO,

in combination with systemic thrombolysis, catheter-directed
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therapy, or surgical embolectomy, improved survival chances despite
a 30-day mortality rate of 31% and a mortality rate of 54% (30).
Chetan Pasrija and colleagues conducted a retrospective analysis of
patients with massive pulmonary embolism treated with
VA-ECMO. The study included 20 patients, of whom 40% received
anticoagulation therapy alone, 5% underwent catheter-directed
therapy, and 55% underwent surgical pulmonary embolism removal.
The in-hospital and 90-day survival rates were 95% (31). Fillipo Cors
et al. analyzed 17 patients with high-risk PE treated by ECMO at the
center and showed that the 90-day survival rate of patients included
in the center was 47%. Fifteen of these patients (88%) developed
serious complications in the ICU. In conclusion, these multicenter
studies suggest that VA-ECMO may be an important treatment
option for high-risk PE patients (32).

In cases of massive PE, which are often associated with severe
hypoxemia and circulatory collapse, ECMO gained recognition as one
of the most effective emergency support measures. Jodo Valente, Jorge,
and colleagues documented the successful rescue of a 49-year-old
woman with massive PE using a combination of VA-ECMO and
pulmonary aspiration thrombectomy. This report underscored the
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potential of ECMO to enhance systemic organ perfusion and improve
survival during resuscitation while highlighting the importance of
multidisciplinary collaboration for complex interventions (33).
Another case study emphasized the necessity of continuous
monitoring and systematic evaluation when using systemic
thrombolytics during V-V ECMO support for massive PE. The study
also underscored the utility of bedside echocardiography in assessing
cardiac function during ECMO (34). Furthermore, the Pulmonary
Embolism Response Team (PERT) emerged as a critical component
in the management of massive and submassive acute PE. PERT was
instrumental in determining optimal treatment strategies based on
individual clinical presentations and facilitated the rapid
implementation of mechanical thrombectomy or
embolectomy, significantly improving survival rates in PE patients
(35). As clinical experience with ECMO expanded, its integration with
thrombolytic therapies, such as systemic thrombolysis and catheter-
directed thrombolysis, began to be reflected in treatment guidelines.
This combined strategy effectively reduced thrombus burden while
ECMO provided vital life support, granting patients critical
recovery time.

suction
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Concurrently, retrospective analyses and meta-analyses became
prominent during this phase, laying a more robust evidence
foundation for future clinical practice. Keywords like “meta-analysis”
signified the growing emphasis on data synthesis to inform treatment
strategies. Elona Rrapo Kaso and colleagues conducted a meta-
analysis comparing in-hospital mortality rates between patients with
acute massive PE who received ECMO and those who did not. Their
findings indicated no significant difference in in-hospital mortality
between the two groups (odds ratio = 1.24 [95% CI, 0.63-2.44],
p =0.54) (36). For high-risk PE patients, the primary indication for
ECMO was cardiac arrest, with an early all-cause mortality rate of
41.1%. Major bleeding was identified as the most common adverse
event during hospitalization (37). The team led by Matteo Pozzi
reviewed and assessed clinical outcomes of high-risk PE patients
treated with ECMO. Despite substantial heterogeneity in both
in-hospital and follow-up survival rates, the current body of literature
remains insufficient to definitively establish ECMO’s role in managing
high-risk PE. The authors highlighted the urgent need for prospective,
multicenter, and large-scale studies to clarify ECMO’s efficacy and
optimize its application in high-risk PE management (38).

During this phase, multidisciplinary team models, exemplified by
the Pulmonary Embolism Response Team (PERT), emerged as pivotal
to improving the management of PE. The collaboration of multiple
specialties, including cardiothoracic surgery, critical care,
anesthesiology, and interventional radiology, became essential for the
successful implementation of ECMO. Under this framework, ECMO
was gradually integrated into comprehensive PE treatment systems,
leading to improved coordination of emergency resources,
optimization of diagnostic and therapeutic workflows, and enhanced
treatment efficiency and patient survival. Dudzinski, D. outlined the
composition and functions of multidisciplinary PERTs, emphasizing
their role in evaluating and implementing advanced therapies such as
ECMO during decision-making processes (39). In 2017, Kabrhel,
C. reported preliminary experiences with a multidisciplinary PERT,
highlighting the team’s crucial role in the rapid assessment and
treatment of high-risk PE patients, including the utilization of ECMO
(40). Further, Rosovsky, R. P. analyzed changes in treatment strategies
and patient outcomes before and after the establishment of a
PERT. Their findings demonstrated that introducing PERT improved
survival rates in high-risk PE patients and facilitated the application
of advanced therapies, including ECMO (41). These studies
underscored PERT’s critical role in the evaluation and management
of high-risk PE cases, particularly in determining the use of advanced
treatments like ECMO.

In addition, keywords such as “right heart thrombi” and “deep
vein thrombosis” signified the application of ECMO in managing
complex cases involving right heart thrombi and deep vein thrombosis
with PE. Chen et al. reported a case of a patient with deep vein
thrombosis in the right leg and a right atrial thrombus causing
PE. They successfully treated the patient using an AngioJet device and
VA-ECMO, demonstrating the feasibility and effectiveness of this
combined approach in PE management (42). Similarly, E. Rodriguez-
Ruiz and colleagues managed a 44-year-old male with severe
refractory respiratory failure caused by bilateral pulmonary contusions
due to chest trauma. During VV-ECMO cannulation via the femoral
vein, a massive thrombus was observed in the right atrium extending
through the tricuspid valve into the pulmonary artery. Despite cardiac
arrest during the procedure, the patient was resuscitated with ECPR
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and ultimately recovered with no neurological deficits after 7 days of
ECMO support (43). Between 2008 and 2017, ECMO transitioned
from a theoretical concept to a clinical reality in PE management, with
research expanding its indications, optimizing strategies, and
highlighting its potential as a life-saving intervention despite limited
evidence and significant complications.

Phase Il (2018-2023): multicenter studies
and management of high-risk patients

After 2020, the application of ECMO-assisted support in PE
entered a new developmental phase. The focus shifted toward
optimizing ECMO use to enhance its efficacy and reduce
complications. Keywords such as “ARDS,” “high-risk pulmonary
embolism,” and “society” highlighted ECMO’s expanding role in
managing complex cases. This phase marked the emergence of
multicenter studies and the formation of internationally standardized
and protocolized treatment approaches. A significant research focus
during this period was the use of ECMO in patients with ARDS
complicated by PE. ARDS frequently co-occurs with PE, particularly
in high-risk patients. ECMO not only provides circulatory support but
also improves severe hypoxemia through membrane oxygenation. The
citation surge of the keyword “ARDS” reflects this trend, showcasing
ECMO’s dual role in managing both respiratory and circulatory
failure. Guillaume Lebreton et al. collected all laboratory-confirmed
SARS-CoV-2 infections and severe ARDS adult patients requiring
ECMO from 7 Greater Paris intensive care units. Pulmonary
embolism occurred in 53 of 294 patients (18%). 138 patients (46%)
survived 90 days after ECMO. The most common causes of death were
multiple organ failure and septic shock (44). Another study published
by Nicolas Meneveau retrospectively included 180 high-risk PE
patients from 13 departments at 9 centers. Fifty-two patients received
ECMO. The overall 30-day mortality was 48.3%. Among high-risk PE
patients, ECMO group had severe clinical manifestations and poor
prognosis. But ECMO shows promise as a complementary treatment
to surgical embolectomy (45).

In 2019, Ayman Elbadawi et al. analyzed trends in ECMO use
among high-risk PE patients using a national database of inpatient
samples. They found that ECMO use increased during the study
period and that ECMO use was associated with a reduction in
mortality in patients with extensive PE (p < 0.001). The in-hospital
mortality rate for ECMO patients was 61.6% (46). Nikhil K. Prasad
retrospectively collected data on 83 patients with PE who required
VA-ECMO support between December 2015 and December 2020. The
results showed no statistically significant difference in the discharge
survival rate between patients who received surgical thrombectomy
(ST) and those who did not (88.9% vs. 84.6%; p = 0.94). However, the
incidence of major bleeding events was higher in patients who
underwent ST (61.1% vs. 26.2%; p = 0.01) (47). After 2020, ECMO-
assisted support in PE evolved with a focus on optimizing efficacy and
reducing complications, particularly in ARDS-complicated cases, as
highlighted by multicenter studies showing ECMO’s increasing role,
survival outcomes, and associated risks.

Yang et al. successfully treated an adult patient with fulminant
psittacosis-induced severe ARDS who experienced near-fatal PE and
cardiac arrest during VV-ECMO support. This case demonstrated
VV-ECMOss efficacy as an emergency life-saving intervention for
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severe ARDS caused by fulminant psittacosis. The study also
emphasized the importance of routine monitoring during ECMO to
promptly detect and manage thrombosis, thereby preventing
catastrophic events like PE and cardiac arrest (48). During the
COVID-19 pandemic, some patients presented with a combination of
respiratory and vascular complications, including ARDS and
PE. Khawaja M. Talha and colleagues described a male patient with
ARDS and bilateral PE, whose severe hypoxemia persisted despite
maximum flow on VV-ECMO. A second venous cannula was
introduced to form a unique V-V-V ECMO circuit, successfully
resolving refractory hypoxemia. This case highlighted the critical
importance of simultaneously addressing thrombotic risks and shock
in COVID-19 patients to improve outcomes and mitigate ECMO-
related complications such as right ventricular failure (49). This phase
underscores the progression of ECMO from circulatory support to
comprehensive management of respiratory and thrombotic
complications, particularly in high-risk and complex clinical
scenarios. The rise of multicenter research and standardized protocols
has further solidified ECMO’s role as an indispensable tool in
managing high-risk PE.

With the maturation of ECMO technology, a growing consensus
has emerged regarding its application in managing high-risk
PE. Keywords such as “high-risk pulmonary embolism” and “surgical
embolectomy” reflect this phase’s focus on providing more
personalized treatment options for high-risk patients, especially in
cases where conventional therapies fail or are contraindicated. Surgical
embolectomy combined with ECMO support has become an
increasingly favored clinical approach. Multiple studies have analyzed
the adjunctive role of ECMO in surgical embolectomy, exploring how
it can support high-risk patients unable to tolerate traditional
thrombolytic therapy. Corsi, E et al. investigated the use of ECMO in
patients with life-threatening massive PE, emphasizing its role as a
life-saving rescue therapy when thrombolysis fails or surgical
embolectomy is not feasible (32). Meyer, M. conducted a literature
review in 2018, highlighting ECMO’s critical role in supporting
surgical embolectomy, particularly for hemodynamically unstable
patients with massive PE (30).

The keyword “society” further signifies the global effort by
professional organizations and experts to develop consensus and
guidelines for ECMO in PE treatment. For instance, the 2019
European Society of Cardiology (ESC) Guidelines on the Diagnosis
and Management of Acute PE detailed diagnostic and therapeutic
strategies, recognizing ECMO as a circulatory support option for
high-risk patients, particularly when conventional therapies are
ineffective or contraindicated (50). Similarly, the 2020 American
Heart Association (AHA)
Resuscitation and Cardiovascular Care emphasized ECMO’s role in

Guidelines for Cardiopulmonary

extracorporeal cardiopulmonary resuscitation (ECPR), applicable in
cardiac arrest cases caused by PE (51). In 2021, the Extracorporeal Life
Support Organization (ELSO) Guidelines for Adult ECMO provided
recommendations for ECMO use in various clinical scenarios,
specifically identifying it as an essential support modality in
cardiogenic shock caused by massive PE (52). Further advancing the
field, the 2022 Chinese Expert Consensus on Adult ECMO-Assisted
Circulatory Support tailored these guidelines to domestic clinical
practice, detailing indications, contraindications, and procedural
workflows for ECMO in acute PE management while emphasizing the
importance of multidisciplinary collaboration. These consensus
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guidelines have not only promoted the broader application of ECMO
but also laid the groundwork for future research. Efforts are now
directed toward standardizing treatment protocols, minimizing
complications, and improving long-term patient outcomes. These
developments highlight ECMO’s increasingly pivotal role in the
management of high-risk pulmonary embolism.

Limitations and future perspectives

Although this study contributes to the advancement of ECMO-
assisted support in the management of PE, several limitations must
be acknowledged. First, some high-quality articles on ECMO-
supported PE management may not have been fully captured in the
Web of Science database. Literature from other databases, such as
PubMed and Embase, was not guaranteed to be included in our search
strategy, potentially introducing selection bias. Additionally, our
inclusion criteria limited the review to studies published in English,
excluding potentially relevant articles in other languages. Furthermore,
this study primarily included literature published between 1995 and
2023, and the most recent research reports published after the cut-off
date may not have been included. This study relies solely on the Web
of Science Core Collection database and is limited to English-language
literature, which may lead to the omission of non-English studies (e.g.,
Chinese, Japanese, or German literature). These studies may contain
important regional or innovative research findings, potentially
introducing a certain degree of bias in our results. Future research
should incorporate multilingual literature and multiple databases to
enhance the comprehensiveness and representativeness of the findings.

Conclusion

In summary, the development of ECMO-assisted support in PE
treatment has followed a comprehensive trajectory, evolving from
foundational research to clinical application and the establishment of
standardized protocols. Early studies provided theoretical
groundwork, while accumulated clinical experience has offered
empirical support for its broader use. Future research should focus on
optimizing ECMO application protocols, reducing complication rates,
improving long-term patient outcomes, and exploring synergistic
combinations with emerging therapeutic modalities. These efforts aim
to enhance the efficacy and safety of ECMO in the treatment of

pulmonary embolism.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

WW: Conceptualization, Data curation, Formal analysis,
Methodology, Resources, Software, Validation, Visualization,
Writing — original draft, Writing — review & editing. JJ: Validation,
Writing - review & editing, Formal analysis, Investigation, Resources.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1531716
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wang et al.

LH: Investigation, Resources, Writing — review & editing, Funding
acquisition, Project administration, Supervision. JP: Funding
acquisition, Investigation, Project administration, Supervision,
Writing - review & editing. LM: Project administration, Supervision,
Writing - review & editing, Methodology. FL: Writing — review &
editing, Methodology, Project administration, Supervision. YG: Data
curation, Writing - review & editing, Software, Visualization. BX:
Methodology, Project administration, Supervision, Writing — review
& editing, Conceptualization, Data curation, Funding acquisition,
Validation, Writing - original draft. SX: Methodology, Project
administration, Supervision, Writing - review & editing,
Conceptualization, Data curation, Funding acquisition, Validation,

Writing - original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by Youth Science Fund Project of Guangxi Natural Science Foundation
(No. 2023GXNSFBA026024), Guangxi Natural Science Foundation
(Project No. 2023GXNSFAA026161), Guangxi Zhuang Autonomous
Region Clinical Medical Research Center for Severe Treatment of
Major Infectious Diseases (No. Guike AD22035101), and Guangxi

References

1. Agnelli G, Becattini C. Acute pulmonary embolism. N Engl ] Med. (2010)
363:266-74. doi: 10.1056/NEJMra0907731

2. Keller K, Hobohm L, Ebner M, Kresoja K, Miinzel T, Konstantinides S, et al. Trends
in thrombolytic treatment and outcomes of acute pulmonary embolism in Germany.
Eur Heart J. (2020) 41:522-9. doi: 10.1093/eurheartj/ehz236

3. Abe K, Kuklina E, Hooper W, Callaghan W. Venous thromboembolism as a cause
of severe maternal morbidity and mortality in the United States. Semin Perinatol. (2019)
43:200-4. doi: 10.1053/j.semperi.2019.03.004

4. Poissy J, Goutay ], Caplan M, Parmentier E, Duburcq T, Lassalle F, et al. Pulmonary
embolism in patients with COVID-19: awareness of an increased prevalence. Circulation.
(2020) 142:184-6. doi: 10.1161/circulationaha.120.047430

5. Leacche M, Unic D, Goldhaber S, Rawn J, Aranki S, Couper G, et al. Modern
surgical treatment of massive pulmonary embolism: results in 47 consecutive patients
after rapid diagnosis and aggressive surgical approach. J Thorac Cardiovasc Surg. (2005)
129:1018-23. doi: 10.1016/j.jtcvs.2004.10.023

6. Meyer G, Tamisier D, Sors H, Stern M, Vouhé P, Makowski S, et al. Pulmonary
embolectomy: a 20-year experience at one center. Ann Thorac Surg. (1991) 51:232-6.
doi: 10.1016/0003-4975(91)90792-0

7. Munakata R, Yamamoto T, Hosokawa Y, Tokita Y, Akutsu K, Sato N, et al. Massive
pulmonary embolism requiring extracorporeal life support treated with catheter-based
interventions. Int Heart J. (2012) 53:370-4. doi: 10.1536/ihj.53.370

8. WuM, Liu Y, Tseng Y, Chang Y, Lin P, Wu T. Pulmonary embolectomy in high-risk
acute pulmonary embolism: the effectiveness of a comprehensive therapeutic algorithm
including extracorporeal life support. Resuscitation. (2013) 84:1365-70. doi:
10.1016/j.resuscitation.2013.03.032

9. He S, Wei J, Feng ], Liu D, Wang N, Chen L, et al. The application of metagenomic
next-generation sequencing in pathogen diagnosis: a bibliometric analysis based on web
of science. Front Cell Infect Microbiol. (2023) 13:1112229. doi: 10.3389/fcimb.
2023.1112229

10.Li Z, Zhang Y, Zhang B, Guo R, He M, Liu Z, et al. Bibliometric study of
immunotherapy for hepatocellular carcinoma. Front Immunol. (2023) 14:1210802. doi:
10.3389/fimmu.2023.1210802

11. Zhang J, Song L, Jia ], Tian W, Lai R, Zhang Z, et al. Knowledge mapping of
necroptosis from 2012 to 2021: a bibliometric analysis. Front Immunol. (2022)
13:917155. doi: 10.3389/fimmu.2022.917155

12. Deng P, Wang S, Sun X, Qi Y, Ma Z, Pan X, et al. Global trends in research of gouty
arthritis over past decade: a bibliometric analysis. Front Immunol. (2022) 13:910400. doi:
10.3389/fimmu.2022.910400

Frontiers in Medicine

10.3389/fmed.2025.1531716

Key Laboratory of Diagnosis and Treatment of Acute Respiratory
Distress Syndrome (No. ZZH2020013).

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 authors declare that no Gen AI 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.

13.Liu S, Sun Y, Gao X, Sui Y. Knowledge domain and emerging trends in Alzheimer's
disease: a scientometric review based on CiteSpace analysis. Neural Regen Res. (2019)
14:1643-50. doi: 10.4103/1673-5374.255995

14. Anton N, Jason RE, Lauren AM. Bibliometrics: methods for studying academic
publishing. Perspect Med Educ. (2021) 11:173-6. doi: 10.1007/s40037-021-00695-4

15. Zhen H, Lei D, Yuyue Z, Yu C, Hongjie W, Hesong Z. Hotspots and frontiers in
pulmonary arterial hypertension research: a bibliometric and visualization analysis from
2011 to 2020. Bioengineered. (2022) 13:14667-80. doi: 10.1080/21655979.2022.2100064

16. Xu D, Wang Y, Wang K, Wang Y, Dong X, Tang ], et al. A Scientometrics analysis
and visualization of depressive disorder. Curr Neuropharmacol. (2021) 19:766-86. doi:
10.2174/1570159x18666200905151333

17. Maggio P, Hemmila M, Haft J, Bartlett R. Extracorporeal life support for massive
pulmonary embolism. J Trauma. (2007) 62:570-6. doi: 10.1097/TA.0b013e318031cd0c

18. Davies MJ, Arsiwala SS, Moore HM, Kerr S, Sosnowski AW, Firmin RK.
Extracorporeal membrane oxygenation for the treatment of massive pulmonary
embolism. Ann Thorac Surg. (1995) 60:1801-3. doi: 10.1016/0003-4975(95)00622-2

19. Hsieh PC, Wang SS, Ko WJ, Han YY, Chu SH. Successful resuscitation of acute
massive pulmonary embolism with extracorporeal membrane oxygenation and open
embolectomy. Ann Thorac Surg. (2001) 72:266-7. doi: 10.1016/S0003-4975(00)02540-6

20. Nicolas M, Marie-France S, Marie-Cécile B, Pierre L, Katy D-P, Florent B, et al.
Management of unsuccessful thrombolysis in acute massive pulmonary embolism.
Chest. (2006) 129:1043-50. doi: 10.1378/chest.129.4.1043

21. Von Segesser LK. Cardiopulmonary support and extracorporeal membrane
oxygenation for cardiac assist. Ann Thorac Surg. (1999) 68:672-7. doi: 10.1016/S0003-4975
(99)00543-3

22.Randall D, Attilla BK, Aaron G, Anthony GH. Extracorporeal membrane
oxygenation as a bridge to surgical embolectomy in acute fulminant pulmonary
embolism. Am ] Emerg Med. (2006) 24:879-80. doi: 10.1016/j.ajem.2006.03.009

23. Finer NN, Etches PC, Kamstra B, Tierney AJ, Peliowski A, Ryan CA. Inhaled nitric
oxide in infants referred for extracorporeal membrane oxygenation: dose response. J
Pediatr. (1994) 124:302-8. doi: 10.1016/S0022-3476(94)70324-8

24. Konduri G, Solimano A, Sokol G, Singer J, Ehrenkranz R, Singhal N, et al. A
randomized trial of early versus standard inhaled nitric oxide therapy in term and near-
term newborn infants with hypoxic respiratory failure. Pediatrics. (2004) 113:559-64.
doi: 10.1542/peds.113.3.559

25. Davidson D, Barefield ES, Kattwinkel ], Dudell G, Damask M, Straube R, et al.
Inhaled nitric oxide for the early treatment of persistent pulmonary hypertension of the
term newborn: a randomized, double-masked, placebo-controlled, dose-response,

frontiersin.org


https://doi.org/10.3389/fmed.2025.1531716
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1056/NEJMra0907731
https://doi.org/10.1093/eurheartj/ehz236
https://doi.org/10.1053/j.semperi.2019.03.004
https://doi.org/10.1161/circulationaha.120.047430
https://doi.org/10.1016/j.jtcvs.2004.10.023
https://doi.org/10.1016/0003-4975(91)90792-o
https://doi.org/10.1536/ihj.53.370
https://doi.org/10.1016/j.resuscitation.2013.03.032
https://doi.org/10.3389/fcimb.2023.1112229
https://doi.org/10.3389/fcimb.2023.1112229
https://doi.org/10.3389/fimmu.2023.1210802
https://doi.org/10.3389/fimmu.2022.917155
https://doi.org/10.3389/fimmu.2022.910400
https://doi.org/10.4103/1673-5374.255995
https://doi.org/10.1007/s40037-021-00695-4
https://doi.org/10.1080/21655979.2022.2100064
https://doi.org/10.2174/1570159x18666200905151333
https://doi.org/10.1097/TA.0b013e318031cd0c
https://doi.org/10.1016/0003-4975(95)00622-2
https://doi.org/10.1016/S0003-4975(00)02540-6
https://doi.org/10.1378/chest.129.4.1043
https://doi.org/10.1016/S0003-4975(99)00543-3
https://doi.org/10.1016/S0003-4975(99)00543-3
https://doi.org/10.1016/j.ajem.2006.03.009
https://doi.org/10.1016/S0022-3476(94)70324-8
https://doi.org/10.1542/peds.113.3.559

Wang et al.

multicenter study. The I-NO/PPHN Study Group. Pediatrics. (1998) 101:325-34. doi:
10.1542/peds.101.3.325

26. Scott TR, Alan CF, Nikolaos JS, Madhav S, William SW, Kathryn EG, et al. Basic
perioperative transesophageal echocardiography examination: a consensus statement of
the American Society of Echocardiography and the Society of Cardiovascular
Anesthesiologists. ] Am  Soc  Echocardiogr. (2013)  26:443-56.  doi:
10.1016/j.ech0.2013.02.015

27.Katz WE, Jafar MZ, Mankad S, Keenan RJ, Martich GD. Transesophageal
echocardiographic identification of a malpositioned extracorporeal membrane
oxygenation cannula. ] Heart Lung Transplant. (1995) 14:790-2.

28. Krivec B, Voga G, Zuran I, Skale R, Pareznik R, Podbregar M, et al. Diagnosis and
treatment of shock due to massive pulmonary embolism: approach with transesophageal
echocardiography and intrapulmonary thrombolysis. Chest. (1997) 112:1310-6. doi:
10.1378/chest.112.5.1310

29. Benjamin A, Marie A-R, Raphaél G, David L, Ouriel S, Karim B, et al. Management
of High-Risk Pulmonary Embolism: what is the place of extracorporeal membrane
oxygenation? J Clin Med. (2022) 11:4734. doi: 10.3390/jcm11164734

30. Rasha A-B, Kenneth R, Jorge B, Michael NY, Mazen A, Rachel R, et al. Extracorporeal
membrane oxygenation in acute massive pulmonary embolism: a case series and review
of the literature. Perfusion. (2018) 34:22-8. doi: 10.1177/0267659118786830

31. Chetan P, Anthony K, Praveen G, Maxwell R, Francesca B, Daniel LH, et al.
Utilization of Veno-arterial extracorporeal membrane oxygenation for massive
pulmonary embolism. Ann Thorac Surg. (2017) 105:498-504. doi: 10.1016/j.athoracsur.
2017.08.033

32. Fillipo C, Guillaume L, Nicolas B, Guillaume H, Ania N, Jean-Louis T, et al. Life-
threatening massive pulmonary embolism rescued by venoarterial-extracorporeal
membrane oxygenation. Crit Care. (2017) 21:76. doi: 10.1186/s13054-017-1655-8

33.Jodo Valente J, Catarina AB, Doroteia S, Rita C, Joao MR. Extracorporeal
mechanical support and aspiration thrombectomy in treatment of massive pulmonary
embolism: a case report. Rev Bras Ter Intensiva. (2023) 34:524-8. doi: 10.5935/0103-507X.
20220342-pt

34.Bindu A, Joseph Z, Mark TW, Kha D, Rahat H, Farah K, et al. COVID-19 and
blood clots: a report of massive pulmonary embolism in COVID-19 patient supported
on Veno-venous ECMO and the utility of thrombolysis. ] Extra Corpor Technol. (2023)
54:235-8. doi: 10.1182/ject-235-238

35. Ray S, Minhaj K, Adithya P, Matthew M, Alexandra K, Aditya S, et al. Veno-arterial
extracorporeal membrane oxygenation and Thrombectomy for massive pulmonary
embolism. Heart Surg Forum. (2022) 25:E241-2. doi: 10.1532/hsf.4435

36. Elona Rrapo K, Jonathan AP, Michael S, Alexandra K, Chad A, Ziv JH, et al.
Venoarterial extracorporeal membrane oxygenation for acute massive pulmonary
embolism: a meta-analysis and call to action. J Cardiovasc Transl Res. (2021) 15:258-67.
doi: 10.1007/s12265-021-10158-0

37. Luca B, Alessandro B, Lorenzo C, Giulio E Luigi P, Francesco M, et al. Use of
extracorporeal membrane oxygenation in high-risk acute pulmonary embolism: a systematic
review and meta-analysis. Artif Organs. (2020) 45:569-76. doi: 10.1111/a0r.13876

38. Matteo P, Augustin M, Anthony M, Caroline G, Justine LD, Catherine K, et al.
Efficacy and safety of extracorporeal membrane oxygenation for high-risk pulmonary
embolism: a systematic review and meta-analysis. Vasc Med. (2020) 25:460-7. doi:
10.1177/1358863x20944469

39. Peter PM, Kenneth R, Rachel PR. Multidisciplinary pulmonary embolism response
teams and systems. Cardiovasc Diagn Ther. (2017) 6:662-7. doi: 10.21037/cdt.2016.11.05

40. Akhilesh KS, Oren AF, Eda D, Brendan D, Gulce A, Jamie S, et al. A pulmonary
embolism response team's initial 20 month experience treating 87 patients with

Frontiers in Medicine

16

10.3389/fmed.2025.1531716

submassive and massive pulmonary embolism. Vasc Med. (2017) 23:65-71. doi:
10.1177/1358863x17730430

41. Rachel R, Yuchiao C, Kenneth R, Richard C, Michael R], Ido W, et al. Changes in
treatment and outcomes after creation of a pulmonary embolism response team (PERT),
a 10-year analysis. ] Thromb Thrombolysis. (2018) 47:31-40. doi: 10.1007/s11239-
018-1737-8

42. Guang C, Xiaolong Z, Qin W, Jie Q, You-Zu X, Xiang L, et al. The removal of
floating right heart thrombi and pulmonary embolus using AngioJet device and
venoarterial extracorporeal membrane oxygenation: a case report. Ann Transl Med.
(2022) 10:612. doi: 10.21037/atm-22-1542

43. Woehrle A, Sachs A, Doss M, Popov A. Acute right atrial thrombus formation after
extracorporeal life support removal during LVAD-implantation. Asian Cardiovasc
Thorac Ann. (2024) 32:143-4. doi: 10.1177/02184923231219822

44.So0 M, Steiger D, Takahashi M, Egorova N, Kuno T. The characteristics and
outcomes of critically ill patients with COVID-19 who received systemic thrombolysis
for presumed pulmonary embolism: an observational study. ] Thromb Thrombolysis.
(2021) 52:1061-7. doi: 10.1007/s11239-021-02477-5

45. Meneveau N, Guillon B, Planquette B, Piton G, Kimmoun A, Gaide-Chevronnay
L, et al. Outcomes after extracorporeal membrane oxygenation for the treatment of
high-risk pulmonary embolism: a multicentre series of 52 cases. Eur Heart J. (2018)
39:4196-204. doi: 10.1093/eurheartj/ehy464

46. Ayman E, Amgad M, Islam YE, Ahmed HM, Mohammed Hz S, Gbolahan OO,
et al. National trends and outcomes for extra-corporeal membrane oxygenation use in
high-risk pulmonary embolism. Vasc Med. (2019) 24:230-3. doi: 10.1177/1358863x
18824650

47.Nikhil KP, Gregory B, Douglas T, Aakash S, Kevin MJ, Ronson JM, et al. Veno-
arterial extracorporeal membrane oxygenation for pulmonary embolism after systemic
thrombolysis. Semin Thorac Cardiovasc Surg. (2021) 34:549-57. doi: 10.1053/j.semtcvs.
2021.04.004

48.Song-Liu Y, Yang G, Zhi-Yang H, Xue D, Wen L, Song-Gen J, et al. Successful
treatment of near-fatal pulmonary embolism and cardiac arrest in an adult patient with
fulminant psittacosis-induced severe acute respiratory distress syndrome after veno-
venous extracorporeal membrane oxygenation rescue: a case report and follow-up.
Heliyon. (2023) 9:¢20562. doi: 10.1016/j.heliyon.2023.620562

49. Khawaja MT, Joseph MB, Jay GS, Ashok CJ, Adam NP, Gabriel AH. Ventilatory
failure and pulmonary embolism in Covid-19 requiring enhanced venous drainage for
extracorporeal membrane oxygenation. Port ] Card Thorac Vasc Surg. (2023) 29:51-4.
doi: 10.48729/pjctvs.298

50. Stavros VK, Guy M, Cecilia B, Héctor B, Geert-Jan G, Veli-Pekka H, et al. 2019
ESC guidelines for the diagnosis and management of acute pulmonary embolism
developed in collaboration with the European Respiratory Society (ERS): the task force
for the diagnosis and management of acute pulmonary embolism of the European
Society of Cardiology (ESC). Eur Respir J. (2019) 54:1901647. doi: 10.1183/13993003.
01647-2019

51. Paul AH, Biykem B, David A, Larry AA, Joni JB, Monica MC, et al. 2022 AHA/
ACC/HFSA guideline for the Management of Heart Failure: a report of the American
College of Cardiology/American Heart Association joint committee on clinical practice
guidelines. Circulation. (2022) 145:e895-¢1032. doi: 10.1161/cir.0000000000001063

52. Roberto L, Kiran S, Graeme M, Matthieu S, Vincent P, Bart M, et al. ELSO interim
guidelines for Venoarterial extracorporeal membrane oxygenation in adult cardiac
patients. ASAIO J. (2021) 67:827-44. doi: 10.1097/mat.0000000000001510

53. Nees Jan VE, and Ludo W. Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics. (2010) 84.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1531716
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1542/peds.101.3.325
https://doi.org/10.1016/j.echo.2013.02.015
https://doi.org/10.1378/chest.112.5.1310
https://doi.org/10.3390/jcm11164734
https://doi.org/10.1177/0267659118786830
https://doi.org/10.1016/j.athoracsur.2017.08.033
https://doi.org/10.1016/j.athoracsur.2017.08.033
https://doi.org/10.1186/s13054-017-1655-8
https://doi.org/10.5935/0103-507X.20220342-pt
https://doi.org/10.5935/0103-507X.20220342-pt
https://doi.org/10.1182/ject-235-238
https://doi.org/10.1532/hsf.4435
https://doi.org/10.1007/s12265-021-10158-0
https://doi.org/10.1111/aor.13876
https://doi.org/10.1177/1358863x20944469
https://doi.org/10.21037/cdt.2016.11.05
https://doi.org/10.1177/1358863x17730430
https://doi.org/10.1007/s11239-018-1737-8
https://doi.org/10.1007/s11239-018-1737-8
https://doi.org/10.21037/atm-22-1542
https://doi.org/10.1177/02184923231219822
https://doi.org/10.1007/s11239-021-02477-5
https://doi.org/10.1093/eurheartj/ehy464
https://doi.org/10.1177/1358863x18824650
https://doi.org/10.1177/1358863x18824650
https://doi.org/10.1053/j.semtcvs.2021.04.004
https://doi.org/10.1053/j.semtcvs.2021.04.004
https://doi.org/10.1016/j.heliyon.2023.e20562
https://doi.org/10.48729/pjctvs.298
https://doi.org/10.1183/13993003.01647-2019
https://doi.org/10.1183/13993003.01647-2019
https://doi.org/10.1161/cir.0000000000001063
https://doi.org/10.1097/mat.0000000000001510

	Global hotspot and trend of extracorporeal membrane oxygenation for pulmonary embolism
	Introduction
	Methods
	Data collection
	Data processing
	Data analysis
	Statistical analysis

	Results
	Trends in annual publication
	Global collaboration: countries/regions and institutions
	Analysis of journals and co-cited journals
	Authors and co-cited authors
	Top keywords
	Cited references and top 20 highly cited references

	Discussion
	Bibliometrics and visual analyses
	Trend regarding ECMO-assisted support for PE
	Communication and cooperation between countries, institutions, and authors
	Popular journals and development prospects
	Most popular articles on ECMO-assisted support for PE
	Research trends and progress of ECMO-assisted support for PE
	Phase I (before 2007): exploring the feasibility of ECMO in PE management
	Phase II (2008–2017): expansion of ECMO use and optimization of treatment strategies
	Phase III (2018–2023): multicenter studies and management of high-risk patients
	Limitations and future perspectives

	Conclusion

	References

