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Abstract

Background An increasing number of cancer patients may require emergency and intensive care at diagnosis and
throughout their disease course. This study aimed to explore the progress, prospects, collaboration and network of
research in the field of emergency and intensive care for cancer patients using bibliometric analysis.

Methods A search of the Web of Science (WOS) database was conducted to identify relevant articles in English
published between 2000 and 2022. Bibliometric analysis platform and R-studio software were used for data analysis,
which included cluster analysis, word cloud matrix, trend topics, and thematic maps based on author keywords and
keywords plus.

Results A total of 630 articles were included, with an average annual growth rate of 17.1%. The most active country
in terms of productivity and collaboration was the United States. Trend topics evolved over time, with COVID-19 and
epidemiology among the most recent hot topics. General topics such as palliative care, intensive care, emergency
department, chemotherapy, management, and outcomes were identified, as well as specialized topics relating to the
most common cancer types, and cancer- or treatment-related complications such as brain metastasis, hyperviscos-
ity syndrome, spinal cord compression, pericardial tamponade, hemorrhage, respiratory failure, septic shock, venous
thromboembolism, and malnutrition.

Conclusion There has been a increasing and evolving interest in emergency and intensive care for cancer patients
over time.
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Introduction

Cancer is the leading cause of death and a significant
burden of disease globally [1]. Estimates from the GLO-
BOCAN 2020 showed that 19.3 million new cancer
cases occurred in 2020, and the global cancer burden
is expected to rise by 47% from 2020 to 2040 due to
population growth and aging [2, 3]. The need for emer-
gency or intensive care for cancer patients, particularly
those with advanced cancer, have grown substantially,
backed by improved cancer treatment and survival
rates [4—6]. In the United States, cancer-related com-
plaints accounted for around 4% of all adult emergency
department (ED) visits, which is comparable to the pro-
portion of ED visits attributed to common chronic con-
ditions such as diabetes, congestive heart failure and
cerebrovascular diseases [7, 8]. Additionally, patients
with cancer have a higher likelihood of being admitted
in the intensive care unit (ICU) than the general popu-
lation [8].

Cancer patients presenting to the ED or ICU often
constitute a heterogenous population, who may visit the
hospital throughout the course of their disease due to
malignancy, treatment-related complications, or exacer-
bation of underlying comorbidities [5, 6, 9]. Since 2014,
the National Cancer Institute (NCI) and the Office of
Emergency Care (OECR) have been collaborating to
support research and set the research agenda on cancer-
related emergency care [10]. Moreover, in 2017, experts
strove to set out the intensive care medicine research
agenda for critically ill cancer patients [11]. Subsequently,
research studies within these topics have been acceler-
ated, covering such topics as epidemiology, risk stratifi-
cation, intervention strategies and outcomes [11-13].
Despite this progress, knowledge gaps persist due to the
rapid advances in the fields of oncology, emergency care
and critical care medicine. It is vital to comprehend the
current literature and identify recent trends in scientific
publications.

Using bibliometric analysis, this study quantitatively
evaluated heterogeneous literatures related to emergency
and intensive care for cancer. This method enabled us to
identify multiple perspectives, such as different regions,
institutions, journals, authors, and co-cited networks,
and to illustrate the contributions in this field, as well
as research trends and hot spots [14]. Furthermore, it
helped us to review the historical record of research out-
put in this particular field and identify potential future
research paths, as well as collaborative relationships [14].
To the best of our knowledge, no bibliometric research
papers have ever been published concerning emergency
and intensive care for cancer. Thus, the current study
aimed to evaluate this topic with a focus on research pro-
gress and prospects.
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Materials and methods

Data source and search strategies

Publications were screened through the Web of Science
(WOS, https://wcs.webofknowledge.com) Core Col-
lection database on January 30, 2023. The search strat-
egy employed was as follows: TI=(“cancer” or “tum®*r”
or “carcinoma” or “neoplasm”) AND TI=(“emergency
department” or “emergency room” or “emergency visit”
or “critical care” or “urgent care” or “intensive care” or
“acute care”) NOT TI=(“non-cancer”), OR TI=(“onco-
logic emergenc*”), further refined by a time span from
January 1%, 2000 to December 31%, 2022, document type
(article) and language (English). After the initial data
search, two researchers individually screened all manu-
scripts to ensure their relevance to the subject of this
study. The flowchart of bibliometric review is displayed
in Supplementary Fig. 1.

Data collection and extraction

Bibliographic attributes of selected publications, includ-
ing year of publication, journal, title, author names, affili-
ation, country, keywords, abstract and citation count
were downloaded in BibTex format and analyzed using
Bibliometrix package in R on R-Studio (version 4.0.4)
[15]. Additionally, TXT format bibliographic metadata
were downloaded and analyzed using the online Biblio-
metrics platform (http://bibliometric.com/).

Bibliometric measurement

Bibliometric characteristics such as co-authorship, co-
occurrence, co-citation, and themes were analyzed,
in addition to basic descriptive data such as authors,
countries, journals, keywords, number of citations, and
WOS field category. The annual growth rate was used
to describe the ratio of scientific production progression
over time.

During the process of bibliometric analysis of research
hotspots and trends, we first performed cluster analyses
of Author Keywords and Keywords Plus based on the
recurrence of the words used and their co-occurrence.
We then created a word cloud matrix to present the bib-
liometric characteristics of the data, and identified the
trend topics. The size of each word in the matrix signi-
fies the frequency of its occurrence in the academic
paper. Subsequently, a thematic map was constructed
that showed clusters and the Keywords/Keywords Plus
identified by the co-occurrence network [15]. The X-axis
represents the centrality, which measures the degree of
interaction between clusters in comparison to other clus-
ters, and provides insight into the importance of each
theme. The Y-axis displays the density, which measures
the internal strength of a cluster network, and provides
information regarding the development of each theme.
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The thematic map was divided into four quadrants:
Motor, Niche, Emerging/Declining, and Basic themes.
The basic themes refer to essential topics that are trans-
versal to different research areas of the field while the
Niche themes are highly specialized and isolated themes
that are only connected internally with weak associa-
tions among them. The Emerging/Declining themes
cover peripheral and undeveloped topics that have low
density and minimal centrality. The Motor themes stand
for the most intensely studied subjects, which are linked
to other topics [14]. Each bubble on the thematic map
symobolizes a network cluster. The bubble’s name was
based on the Keywords/Keywords Plus with highest
occurrence value, while its size was proportional to the
cluster word occurrence. Its position was established
depending on the cluster centrality and density. Entries
shown in each cluster were set to a minimum frequency
of 5 for the Keywords and 10 for Keywords Plus while the
number of representative labels for each topic was set at
4. While the word cloud map portrays the frequency of
Keywords/Keyword Plus demonstrating a general over-
view of the research themes, the thematic map is a repre-
sentation of the themes’ geographic distribution. Unlike
the thematic map, the word cloud map does not provide
any information regarding the relationship between spa-
tial distribution and the data.

Sankey diagrams were used to demonstrate the interac-
tions among the most relevant affiliations, countries, and
author keywords. Thicker rectangles indicated a greater
frequency, while the connecting nodes, inflows, and out-
flows depicted the interconnections.

Definitions

Author Keywords are the keywords provided by the orig-
inal authors in articles. Keywords Plus are semi-automat-
ically assigned by the WOS editorial team and defined as
words or phrases that appear frequently in the titles of
the cited references, but not necessarily in the title of the
article [16]. Local citation (LC) is a metric used in biblio-
metric analysis to measure the number of citations of a
particular article by other authors or publications within
the same geographical area. Global citation (GC), on
the other hand, measures the total number of citations
of an article across all fields and institutions. LC is used
to assess the influence and reach of different authors or
publications within a specific field or region. For meas-
uring the impact of the work within a specific field or
region, the normalized LC metric is used, which meas-
ures the proportion of citations within a specific field or
region relative to the total number of citations. LC per
year measures the average number of LC over a given
period of time. Likewise, normalized GC which meas-
ures the proportion of citations of an article that come
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from outside of a specific field or region, and GC per year
which measures the average number of GC over a given
period of time, are used to assess the overall impact of
the article.

Results

Publication output, growth trend and WOS categories

A total of 630 articles were included in the analyses. The
number of annual publications increased from 8 in 2000
to 79 in 2022, with an average annual growth rate of
17.1% and a rapid increased in the last decade. The aver-
age citations per article were 17.85. The United States
of America (USA) published the most articles, followed
by China and Canada (Fig. 1A). The number of journals
increased from 7 in 2000 to 66 in 2022, representing an
average annual growth rate of 16.8% over the last two
decades (Fig. 1B).

The most frequent relevant WOS field categories were
oncology (37.6%), health care sciences services (19.8%),
medicine general internal (10.5%), emergency medicine
(9.7%) and critical care medicine (7.9%). Some publica-
tions are involved in multiple categories (Fig. 1C).

Keywords and trend topics

A total of 1,215 authors’ Keywords and 1,363 Keywords
Plus reflecting the general scopes of research were
identified.

Co-occurrence network analysis identified four the-
matic clusters, with "cancer" (frequency of co-occur-
rence: 145), "palliative care” (71), and "intensive care
unit" (55) as the main centers. The red cluster deals with
closely related topics such as cancer, emergency depart-
ment, oncology, chemotherapy, neutropenia, and pain.
In the green cluster, topics such as mortality, prognosis,
outcome, sepsis, survival, mechanical ventilation, and
lung cancer are highly connected with the term "inten-
sive care unit". The blue cluster, focusing on palliative
care, is frequently associated with conceptions of emer-
gency service, hospice, end-of-life care, supportive care,
and hospitalization. Scattered themes such as emergency,
COVID-19, and surgery are categorized into the purple
cluster. Likewise, three clusters with "outcomes" (fre-
quency of co-occurrence: 93), "mortality” (80), "survival"
(72), and "management” (72) centrally to the co-occur-
rence network were identified (Fig. 2A, B). The word
cloud further visually presents the most prevalent Key-
words and Keywords Plus in the field (Fig. 2C, D).

The trend topics analysis showed that topics predomi-
nantly increased in the last decade. Cancer, or treatment-
related complications or symptoms such as septic shock,
tumor lysis syndrome, neutropenia, respiratory failure,
pain, lung cancer, breast cancer, and colorectal cancer,
have drawn more attention in the field. Likewise, the
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Fig. 1 A Annual publications and contributed countries from 2000 to 2022. B Annual growth of journals from 2000 to 2022. C The tree plot of the

leading 15 WOS field categories
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most frequent Keywords Plus terms, such as outcomes,
mortality, and management, have been the research hot-
pot during the last 10 years. The topic of the pandemic
COVID-19 was also among the latest (Fig. 3).

The thematic map showed that the theme clusters are
mainly distributed in the basic themes and niche themes
quadrant. Basic themes mainly included chemotherapy,
palliative care, intensive care, emergency department,
management and outcomes while specialized themes
mainly covered acute or critical conditions of brain
metastasis, hyperviscosity syndrome, spinal cord com-
pression, pericardial tamponade, hemorrhage, respira-
tory failure, septic shock, venous thromboembolism and
malnutrition (Fig. 4A, B).

Citations and collaboration

The top 50 most local cited articles, mostly clinical
descriptive studies, are listed in Table 1. The median
GC and LC count of these articles were 10 (interquartile

range: 7—14) and 46 (interquartile range: 33-71) times,
respectively. These top 50 local cited articles were pub-
lished in journals such as Supportive Care in Cancer,
Critical Care Medicine, Journal of Clinical Oncology and
JAMA Oncology (Supplementary Fig. 2). The journal
with the highest number of publications was Supportive
Care in Cancer (Supplementary Table 1).

The country collaboration map demonstrated that USA
has the highest number of collaborations with Canada,
and European and Asian researchers (Fig. 5A).

The Sankey diagram displaying the interconnections
among the most relevant affiliations, countries and key-
words revealed that USA was the most influential and
most collaborative country, with productive affilia-
tions such as University of Texas MD Anderson Cancer
Center, Memorial Sloan Kettering Cancer Center, Ohio
State University, University of Washington, University
of Rochester, and University of Pittsburgh. The research
keywords cover a wide range of topics, including cancer,
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palliative care, oncology, emergency, mortality, intensive  bibliometric analysis of scientific outputs in this field
care and prognosis (Fig. 5B). from 2000-2022 revealed a conspicuous increase
across various categories of the WOS, highlighting its
multifaceted and interdisciplinary nature. Evidently,
more journals are accepting articles in this rapidly
growing subdiscipline. When comparing the growth of
publications in the WOS database’s within Emergency
Medicine category over the past decade, from 2584
in 2010 to 3529 in 2019 corresponding to an average
annual growth rate of 3.86%, it is clear that the annual
growth rate of publications in the emergency cancer

Discussion

Emergency cancer care is a specialized subdiscipline
that involves a multidisciplinary team of professionals,
including emergency physicians, intensivists, oncolo-
gists, nurses, and other healthcare professionals [12].
Given the increasing life expectancy and rapid advances
in cancer treatment, more cancer patients may require
acute or intensive care during their treatment. Our
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care subdiscipline has outpaced that of the broader
field [14].

Emergency or critical cancer care may involve a wide
range of situations that patients may experience, rang-
ing from diagnosis and treatment to follow-up manage-
ment. Our cluster analysis revealed several mainstream
topics that have consistently been of interest. Pain is a
frequent complaint among terminal cancer patients vis-
iting ED and is associated with topics of palliative care
[8, 16-21]. It has been acknowledged that emergency
and ICU physicians play a key role in end-of-life (EOL)
care [11, 22, 23], though models of application are still a
subject of debate [24—26]. Neutropenia and chemother-
apy-related complications are clusters closely associated
with ED. Neutropenia was once thought to be a very
high mortality condition, but advances in the diagnosis
and management of infection and the use of granulocyte
colony-stimulating factor (G-CSF) have greatly improved
survival rates [27]. Additionally, the top-cited publica-
tions related to cancer patients receiving emergency care
usually focus on observational studies, which examined
epidemiological, demographic and clinical features asso-
ciated with diagnosis, symptoms and admissions [8, 17—
21, 28-32]. Large-scale retrospective studies, which have
received high levels of citations, have evaluated the pri-
mary reasons for ED visits, finding that pain, respiratory
and gastrointestinal issues are the most common chief
complaints [8, 16-21].

EDs often serve as an important entry point into
inpatient care setting. Recent research has suggested
that malignancies should not be an impediment to ICU

admission, especially for those with acute respiratory fail-
ure, sepsis, and septic shock, which have been identified
in the cluster analysis as the most frequent life-threaten-
ing complications [5, 11, 33]. Symptom-oriented research
is a predominant domain in the ED setting, while
research on clinical outcomes and prognostic factors
remain major themes in ICUs. There has been a steep
acceleration of research progress in critically ill oncol-
ogy and hematology since the 2017 publication of the
research agenda, however there has yet to be any consen-
sus reached on the predictors of mortality [11, 34-36].
Current evidence suggests that, in terms of short-term
mortality after an ICU stay, it is not the underlying malig-
nancy but rather performance status, severity of organ
failure and need for mechanical ventilation that are asso-
ciated with it [11, 37]. After recovery from complications,
however, characteristics related to the neoplastic disease
may regain their independent influence on further sur-
vival [5, 35]. Given the increasing use of novel therapies
such as targeted therapy and immunotherapy in cancer
patients, a re-evaluation of classic prognostic predictors
may be prudent.

Patients seeking emergency or critical care for cancer
represent a diverse population with conditions caused
by the malignancy itself, complications from anti-cancer
treatment, or underlying comorbidities [5, 19, 30, 32, 33].
In this study, while longstanding topics such as pallia-
tive care, chemotherapy, tumor lysis syndrome, and sur-
gery remain the focus, there is an increasing emphasis on
brain metastases, hyperviscosity syndrome, static spinal
cord compression, pericardial tamponade, health care
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utilization, complications, hemorrhage, venous throm-
boembolism, malnutrition, septic shock, and respiratory
failure. The most commonly discussed types of cancer
are lung, colorectal and breast cancer, likely because of
their prevalence, and the growing demand for screening
at initial diagnosis [38]. According to the analysis of 2020
National Health Interview Survey (NHIS) data, there is a
need for more than 14 million, 6 million, and 2 million
ED patients to receive breast, colorectal, or lung cancer
screenings, respectively [39]. However, cancer screening
in the ED as a pathway in cancer care is still not accepted
as a consensus, and further research is encouraged
[38—42]. The outbreak of COVID-19 has also become a
prominent topic due to its effect on cancer services and
the vulnerability of cancer patients [43, 44]. Novel tele-
remote models have been widely researched as potential
alternatives to in-person care, as tele-medicine allows for
timely assessment and management for cancer patients
faced with acute disease or treatment-related complica-
tions during the COVID-19 pandemic [45, 46].

Our bibliometric analysis revealed that the major hubs
for scientific production are located in North America
(USA and Canada), Europe (UK, France, Italy, and Bra-
zil), and Asia (China and Korea), although publications
are distributed all continents. The USA’s prolific output
of publications is matched by its extensive collaboration
network, collaborating with partners from all around
the world. Canada and the UK, on the other hand, tend
to engage in more selective collaborative networking.
Countries in continental Europe have a notable pro-
pensity for fostering scientific collaboration within the
region, whereas countries such as China, Korea, and
Australia mostly engage in collaborations on a national
level. Despite existing racial disparities in the incidence,
management, and outcome of cancer, there is a need for
increased collaboration in order to improve the quality of
emergency and critical cancer care [47, 48].

There are several limitations of the study that should
be taken into consideration. First, the inherent nature
of bibliometric approach is a major limitation of this
study. Quantitative bibliometric analysis does not
consider the quality of the research, the impact of
the research, author or journal prestige, or the valid-
ity or reliability of research outcomes, which can lead
to potential overestimation or underestimation of the
results. For example, well-established evidence may
not always be given the same visibility as newer evi-
dence in the thematic map, potentially impacting its
"popularity”. Likewise, a topic that initially has high
levels of popularity may receive more citations than
other newly emerging topics, giving it an unfair advan-
tage. Second, the sampling criteria employed for the

Page 13 of 15

bibliometric analysis can also be a limitation of the
study. Our retrieval of articles from the WOS database
may not reflect global research activity due to not cap-
turing work such as conference presentations, publica-
tions in non-English language, and publications that are
not available in public database. Third, this study might
not include all topics related to oncologic emergencies
because the population we discussed here is highly het-
erogenous. Cancer patients may present to the hospital
for oncologic emergencies for a variety of reasons, such
as malignancy, treatment-related complications, or the
exacerbation of underlying comorbidities. This hetero-
geneity in comorbidities makes it challenging to deter-
mine which symptoms or conditions are associated
with an oncologic emergency. The subjective assess-
ments of the investigators (e.g., differentiating between
related and unrelated morbidities) in deciding which
to include or exclude may introduce bias in predicting
oncologic emergencies.

In conclusion, there is a growing and evolving
research interests in emergency and intensive care for
cancer patients. Management of these patients requires
a multidisciplinary integration of diagnosis and treat-
ment, involving specialists in emergency medicine,
critical care, and oncology. The data presented here
provide a comprehensive profile of the field, highlight-
ing the fact that there are still many unresolved issues
that call for collaborative research.
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