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Objective: To investigate the potential and evolving trends in fluid management
for patients with sepsis, utilizing a bibliometric approach.

Methods: Scholarly articles pertaining to fluid therapy for sepsis patients
were extracted from the Web of Science (WoS) database as of June 1, 2024.
The R software package, “Bibliometrix,” was utilized to scrutinize the primary
bibliometric attributes and to construct a three-field plot to illustrate the
relationships among institutions, nations, and keywords. The VOSviewer tool
was employed for author analysis, keyword co-occurrence analysis, and data
visualization. Additionally, CiteSpace was used to calculate citation bursts and
keywords.

Results: A comprehensive retrieval from the Web of Science (WoS) database
yielded a total of 2,569 publications. The majority of these articles were
predominantly published by two countries, namely the United States (US) and
China. Among the myriad of journals, Critical Care and Journal for Intensive Care
Medicine emerged as the most prolific. In terms of institutional contribution, the
University of California System stood out as the most productive. Recent analysis
of keywords revealed a significant citation burst for terms such as "balanced
crystalloids” and “critically ill children”.

Conclusion: There is a growing focus on the connection between fluid
management and the treatment of sepsis, with research in this area being at an
advanced stage.

KEYWORDS

sepsis, fluid management, bibliometric, R software package, VOSviewer, CiteSpace,
hotspots

Introduction

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response
to infection (1). This definition highlights, on one hand, the mechanisms and severity of
organ dysfunction triggered by infection, while on the other hand, it reveals the importance
of timely recognition of sepsis and the need for early intervention and clinical treatment
by healthcare professionals (2).

Currently, sepsis remains a major healthcare burden worldwide, including in both
high-income and low- to middle-income countries. It has become one of the significant
public health issues globally, posing a tremendous threat to the safety of millions of
lives each year and can lead to up to 25% (or even more) of in-hospital patient deaths
(3). According to World Health Organization statistics, approximately 189 deaths occur
among every 100,000 hospitalized sepsis patients (4). In the United States, deaths caused

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2024.1492396
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2024.1492396&domain=pdf&date_stamp=2025-01-10
mailto:wanghao34@126.com
mailto:13573195707@163.com
mailto:qiaolujun1@126.com
https://doi.org/10.3389/fmed.2024.1492396
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2024.1492396/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Liu et al.

or triggered by sepsis account for 1/3 to 1/2 of all in-hospital deaths
(5). A study by Fleischmann et al. estimates that the global annual
incidence of sepsis could be as high as about 31 million cases, with
an estimated 19.4 million cases of severe sepsis and around 5.3
million deaths (6). Another study by Jawad et al., examining sepsis
incidence and mortality rates across multiple countries, similarly
indicates that in developed countries, the mortality rate of sepsis
ranges from 40% to 50%, while septic shock can be as high as
80% (7).

Early administration of antibiotics for infection control is one
of the core components of sepsis treatment. In cases of sepsis or
septic shock, every hour of delayed targeted antimicrobial therapy
significantly increases mortality, with an average increase of 7.6%
(8). In addition to antibiotics and source control of infection, fluid
resuscitation is a fundamental therapy for sepsis. Effective early
fluid resuscitation in septic shock is crucial for stabilizing tissue
hypoperfusion induced by sepsis.

Fluid therapy can improve tissue perfusion by increasing
stroke volume through volume expansion, and it is an important
component of clinical treatment for sepsis (3). The therapeutic
effects of different fluids vary, and they can even impact patient
prognosis (9). Insufficient fluid therapy could potentially result in
diminished cardiac output in patients, thereby leading to a decrease
in the effective circulating blood volume and insufficient perfusion
of essential organs. Conversely, an overabundance of fluid therapy
may precipitate circulatory overload, cardiac failure, and tissue
edema. Empirical evidence suggests that maintaining a negative
fluid balance during the treatment of sepsis can enhance patient
prognosis (10). Therefore, precise volume management for patients
with sepsis presents a significant challenge in clinical practice (11).

Currently, there is a substantial amount of literature reporting
on treatment strategies and guidelines for fluid management
in sepsis (12, 13). Effective fluid management is significant
for improving patient prognosis, enhancing quality of life, and
reducing the burden of disease (14). The management of septic
shock poses significant complexities due to the intricate nature of
the pathological alterations in the circulatory system, which are not
easily rectified through singular fluid therapy approaches. Although
numerous fluid management paradigms exist, none have achieved
comprehensive endorsement. A conspicuous absence of objective
assessment and synthesis of scholarly literature from scientific
research databases underscores the necessity for a systematic
examination and review of extant studies.

Bibliometric analysis originated in the UK in the 1920s
and is the best choice for providing detailed trends of
research activities in a specific field over time (15). This type
of analysis has produced numerous research outcomes in
disciplines such as library science, biomedicine, technology
management, and engineering management (16). Bibliometrics
is an academic discipline that scrutinizes the attributes of
literature systems and bibliometric characteristics, executing
both quantitative and qualitative evaluations of published works,
including books and scholarly articles. Beyond delineating and
forecasting the progression of particular research domains,
this analytical approach can also juxtapose the contributions
made by distinct countries, institutions, academic journals, and
scholars (17).

Frontiersin Medicine

10.3389/fmed.2024.1492396

Information visualization constitutes an interactive, analytical
methodology that augments data representation through the
utilization of computer graphics and image processing techniques.
This technique is capable of intuitively exhibiting the intricate
and abstract semantics concealed within voluminous datasets,
typically in the form of knowledge graphs. The said approach
boasts advantages in unveiling the extensive scope and profound
depth of information resources, thereby providing superior time
and cost efficiency.

This study comprehensively analyzes the current status of
fluid management in sepsis patients based on the Web of Science
(WoS). Utilizing bibliometric methods, this research aims to
uncover research trends in this field and predict potential future
research hotspots.

Materials and methods

Data sources and search strategy

Web of Science (WoS) was utilized as the primary database
for conducting bibliometric analysis, widely accepted for its
comprehensive coverage. A comprehensive online search of
literature from 1978 to 2024 was performed on June 1, 2024. The
search strategy included terms: TS = [sepsis OR (severe sepsis) OR
(septic shock)] AND TS = (fluid management) AND Language
= English. Publication types were limited to articles, excluding
retractions and book chapters. The search results were exported
in plain.txt format for further analysis, complete records and cited
references also included (18). A total of 2,569 publications on the
topics of sepsis and fluid management were identified.

Bibliometric analysis

Bibliometrix, an R package, was employed for quantitative
analysis. Key extraction fields included: authors from the AU
field (affiliations from AU_UN field and countries from AU_CO
field), publication years from the PY field, keywords from the
DE field, and citations from the TC field. Version 4.0.0 of
Bibliometrix was utilized to quantify publication counts, citation
frequencies, compute keyword usage, assess collaboration strength
among countries/authors, and construct a tri-field map for
keyword analysis.

VOSviewer was used to visualize keyword networks related
to sepsis and fluid management research. Through co-occurrence
analysis, keywords were clustered and colored based on temporal
evolution using Average Appearance Year (AAY) to quantify
relative novelty (19).

CiteSpace, a web-based Java application, was employed for
data analysis and visualization (20). Leveraging co-citation analysis
and pathway network scaling, it generated visual maps to explore
development trends in a specific field of literature. This study
utilized CiteSpace to identify highly cited bursts of publications or
keywords within defined periods (21). This article utilizes CiteSpace
software to identify widely cited literature/keywords with strong
citation bursts over a specific period. The study divides the time
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frame into three stages: 1978-1994, 1995-2009, and 2010-2024, for
the analysis of keyword bursts over a duration of 15 years.

Results

Analysis of annual publication output

Between 1978 and June 1, 2024, a total of 2,569 publications on
the topics of sepsis and fluid management were identified, spanning
46 years. Figure 1 illustrates the annual and cumulative publication
counts related to sepsis and fluid management literature. From
1978 to 2006, the cumulative number of publications steadily
increased from 1 to 297. Subsequently, from 2007 to 2023, there was
a rapid growth in publication output, culminating in a cumulative
total of 2,569 publications by June 2024.

Analysis of national publication volume and
collaboration

An analysis of the number of publications by each country
reveals that articles from 76 countries/regions were identified in
the relevant field. As shown in Figure 2, the United States had
the highest number of published papers (n = 833), accounting
for 32.4%. China ranked second (n = 227, 8.8%), followed by the
United Kingdom (n = 133, 5.2%), and Australia closely behind (n
=120, 4.7%). Other countries in the top 15 published more than 40
papers each.

Multiple Country Publications (MCP) indicate the number of
publications involving co-authors from different countries/regions.
While the United States had the highest MCP count (n = 87),
its MCP ratio (=MCP/articles) was only 13.3%. Australia ranked
second in MCP count (n = 42) with a ratio of 35%, followed by
Ttaly (n = 36) with a ratio of 40.4%.

Analysis of institutional output and
collaboration

In total, 3,432 institutions conducted research related to sepsis
and fluid therapy. The top 15 institutions are listed in Figure 3,
with the University of California (UNIVERSITY OF CALIFORNIA
SYSTEM) leading with 97 publications.

Furthermore, we undertook an analysis of collaborative authors
in order to examine inter-institutional relationships. In the
clustered network analysis of collaborative authorship, node size
corresponds to the quantity of publications produced by each
institution, while node colors signify clusters distinguished by levels
of collaboration intensity. Within Figure 4, a total of 29 institutions
were segregated into four distinct clusters, with the largest cluster
(highlighted in red) consisting of 10 institutions.

In the analysis of the collaborative author network within
the field of sepsis and fluid management, colors are utilized to
represent the average publication years of each institution. Harvard
University and Washington University WUSTL are noted as early
pioneers in this area, while researchers from Université Libre de
Bruxelles and the University of Pittsburgh have demonstrated
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significant activity in recent years specifically in fluid management
for septic patients.

Analysis of article output and impact of
journals

A total of 867 journals were identified as publishers of the
1,030 articles analyzed in this study. Table I presents the top 11
journals based on article output, including their most recent Impact
Factors (IF). Leading the list is Critical Care from England, with
96 articles published, followed closely by the Journal of Intensive
Care Medicine from the United States, which published 80 articles
and demonstrated significant influence. Of these top journals,
4 are ranked in the first quartile (Q1) of the Journal Citation
Reports (JCRcl).

There are eight publishers headquartered in the United States,
one in England, and one in Germany. The Cureus Journal of
Medical Science, which is ranked 7th, does not have available
information regarding its inclusion in the Chinese Academy of
Sciences Journal Citation Reports or national ranking systems.

Most cited publications

The prominence of research within a particular field is
often demonstrated by the frequency of citations in scholarly
publications. Table 2 presents a compilation of the ten most cited
papers, revealing that the majority were published between 2004
and 2015, with 60% of them garnering over 1,000 citations.
Notably, the paper with the highest number of citations is “Acute
renal failure—definition, outcome measures, animal models,
fluid therapy and information technology needs: the Second
International Consensus Conference of the Acute Dialysis Quality
Initiative (ADQI) Group,” which was published in 2004 (22). The
paper titled “Surviving Sepsis Campaign: International guidelines
for management of severe sepsis and septic shock: 2008,” published
in Critical Care Medicine in 2008, ranks as the second most
frequently referenced publication (23).

Citation burst analysis of references

Figure 5 displays the 25 most frequently cited references, with
the dark blue line representing the citation frequency from 1978
to 2024 and the red line indicating the burst range of citation
frequency, which has a minimum duration of 2 years.

The most cited reference with the highest burst value is the
article by Rhodes titled “Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and Septic Shock: 2016
(burst = 112.94, 2017-2022) (3). The second most cited reference
is the article by Dellinger RP titled “Surviving Sepsis Campaign:
International Guidelines for Management of Severe Sepsis and
Septic Shock, 2012” (burst = 85.31) (13).

Between 2020 and 2022, four articles showed continuous
with the highest burst value of 30.67
reference “Time to Treatment and Mortality

citation bursts,
from the
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FIGURE 1
The annual number and the cumulative number of publications.
Country Articles Articles%  MCP MCP %
USA 833 324 111 133
CHINA 227 8.8 19 8.4
UNITED KINGDOM 133 52 27 20.3
AUSTRALIA 120 4.7 42 35
FRANCE 111 4.3 32 28.8
ITALY 102 4 22 21.6
CANADA 89 3.5 36 40.4
GERMANY 89 35 20 225
INDIA 88 3.4 14! 125
BRAZIL 54 2.1 12 22.2
BELGIUM 50 1:9 20 40
JAPAN 45 1.8 1 2.2
NETHERLANDS 42 1.6 16 38.1
KOREA 41 1.6 2 4.9
SPAIN 40 1.6 6 15
FIGURE 2
A map of country contribution based on the article output.
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FIGURE 3
The top 15 institutions with the most publications.
during Mandated Emergency Care for Sepsis” (24). This analysis illuminates notable increases in citation
Among the recent burst references, the second most frequency, suggesting periods of increased scholarly attention

popular is “The Surviving Sepsis Campaign Bundle: 2018
Update” (25).
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toward specific publications in the field of sepsis and

fluid management.
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FIGURE 4
Clustering network for the co-authorship analysis.

Keyword occurrence and co-occurrence
analysis

This study analyzed a total of 4,177 keywords related to
sepsis and fluid management. Figure 6 ranks the top 20 keywords
by frequency, with “sepsis” appearing most frequently (630
occurrences), followed by “septic shock” (335 occurrences) and
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“resuscitation” (130 occurrences). Figure 7 further maps out the
distribution of these keywords across institutions and countries,
highlighting their associations with core topics in the field.

Nearly all institutions and countries contributed to the 19
main topics represented by these keywords, with prominent
contributions from the United States and France at the

institutional level.
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TABLE 1 Top 11 journals with most articles about tumor burden and
immunotherapy.

Rank Journals Articles Country IF JCRc

1 Critical Care 96 ENGLAND 15.1 Q1

2 Critical Care 80 Us 8.8 Q1
Medicine

3 Journal of 47 Us 3.7 Q3
Critical Care

4 Shock 45 uUs 3.1 Q3

5 Intensive Care 42 UsS 38.9 Q1
Medicine

6 Current Opinion 40 Us 3.3 Q3
in Critical Care

7 Cureus Journal 39 N/A 1.2 N/A
of Medical
Science

8 American 37 UsS 3.6 Q3
Journal of
Emergency
Medicine

9 PLoS ONE 35 Us 3.7 Q3

10 Journal of 30 Us 3.1 Q3
Intensive Care
Medicine

11 Annals of 29 Germany 8.1 Q1
Intensive Care

Co-occurrence analysis

Figure 8 presents a network graph of 53 keywords based
on their co-occurrence patterns. Nodes are sized by keyword
frequency and colored to indicate clusters of related keywords.
Stronger relationships between keywords are denoted by shorter
distances between nodes.

e Cluster 1 (Red, 10 keywords): Focuses on sepsis-related

»

diseases and treatments, including “sepsis,” “neonatal sepsis,’
and “acute pancreatitis.”

e Cluster 2 (Green, 9 keywords): Centers on indicators and
methods related to fluid management, such as “central venous

pressure,
e Cluster 3 (Blue, 8 keywords): Primarily addresses critical care

fluid therapy;” and “hemodynamic monitoring.”
and intensive treatment topics like “critical care;” “intensive
care;” and interventions such as “corticosteroids.”

e Cluster 4 (Yellow, 8 keywords): Focuses on specific
treatments like “albumin,” “colloid,” and “vasopressor.”

e Cluster 5 (Purple, 8 keywords): Centers on outcomes and
therapies related to mortality and fluid dynamics.

e Cluster 6 (Light Blue, 5 keywords): Includes terms like “early
goal-directed therapy” and “surviving sepsis campaign.”

e Cluster 7 (Orange, 5 keywords): Discusses emergency
department procedures and outcomes.

Figure 9 demonstrates a temporal analysis of the co-occurring
keywords, showcasing the evolution of research interests over
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time. Earlier research primarily concentrated on the management
of severe sepsis and specific campaigns, whereas recent studies
have shown a growing interest in areas such as fluid balance and
emergency department protocols.

The keyword burst analysis in Figures 10A, B presents the 16
strongest burst keywords from 1995 to 2009 and the 20 strongest
burst keywords from 2010 to 2024, while no burst keywords
were identified for the period from 1978 to 1994. From 1995
to 2009, “intraamniotic infection” and “sepsis” began to gain
attention, gradually shifting over time to “septic shock,” “severe
sepsis;,” “therapy,” and “mortality.” Finally, “infections,” “intensive
insulin therapy,” and “management” have been consistently focused
on since their emergence. From 2010 to 2024, “acute renal

» <« » «

failure,” “venous oxygen saturation,” “extravascular lung water,” and
“surviving sepsis campaign” have all received continuous attention
since their introduction. Additionally, “goal-directed therapy”
was consistently highlighted from 2006 to 2014, while “balanced
crystalloids” and “critically ill children” have gained increased
attention recently, indicating that these keywords represent hot

research topics in recent years and likely in the near future.

Discussion

A bibliometric analysis was conducted on the literature
pertaining to fluid therapy for sepsis patients from 1978 to
June 2024. The initial publication on this topic dates back
to 1978, authored by Tilney et al. Their findings underscored
the importance of minimizing immunosuppressive measures to
mitigate sepsis risk, as well as the efficacy of short-term antibiotic
use in preventing wound infections during and after surgical
procedures with potential contamination or sepsis (26).

Trends in the number of publications

According to the yearly publication count, trends in publication
growth can be categorized into periods of slow and rapid expansion.
The slow growth phase spanned from 1978 to 2008, during which
fewer than 50 articles were published annually. However, in 2008,
there was a significant increase in the annual publication output
of research on fluid therapy for sepsis patients. Subsequently,
from 2009 to 2023, related research entered a period of rapid
growth, with over 60 papers being published each year. This
indicates that the field of fluid therapy for septic patients is likely
to continue to experience significant activity and advancement in
the foreseeable future. The Survival Sepsis Campaign Guidelines
(SSCG) recommend aggressive fluid resuscitation in the early stages
of treatment for severe sepsis and septic shock (27). The increasing
focus and support from institutions on providing precise and
efficient fluid management for sepsis patients have contributed to
the notable growth rate observed in recent years (28).

The United States holds a prominent position in the field
of fluid management in sepsis patients, as evidenced by its
substantial publication output and significant role in international
collaborations. The nation’s leadership in this area serves as a
benchmark on a global scale, reflecting not only its economic
prowess but also its substantial investments in healthcare.
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TABLE 2 The top 10 cited publications.

10.3389/fmed.2024.1492396

Rank Title Year, Journal First author  Total citations‘

1 Acute renal failure - definition, outcome measures, animal models, fluid 2004, Critical Care Rinaldo Bellomo 4,956
therapy and information technology needs: the Second International
Consensus Conference of the Acute Dialysis Quality Initiative (ADQI)
Group

2 Surviving Sepsis Campaign: International guidelines for management of 2008, Critical Care Medicine Dellinger, R 4,084
severe sepsis and septic shock: 2008

3 Surviving Sepsis Campaign: International Guidelines for Management of | 2013, Critical Care Medicine Dellinger, R 2,366
Severe Sepsis and Septic Shock, 2012

4 Surviving Sepsis Campaign guidelines for management of severe sepsis 2004, Critical Care Medicine Dellinger, R 2,101
and septic shock

5 Trial of Early, Goal-Directed Resuscitation for Septic Shock 2015, new england journal of medicine | Paul R. Mouncey 1,039

6 Fluid resuscitation in septic shock: A positive fluid balance and elevated 2011, Critical Care Medicine Boyd, John H 1,010
central venous pressure are associated with increased mortality

7 Sepsis: a roadmap for future research 2015, The Lancet Infectious Diseases Jonathan Cohen 713

8 Guidelines for the diagnosis and management of disseminated 2009, British Journal of Haematology M Levi 699
intravascular coagulation

9 A positive fluid balance is associated with a worse outcome in 2008, Critical Care Didier Payen 689
patients with acute renal failure

10 Acute lung injury and the acute respiratory distress syndrome: a clinical 2007, The Lancet P Wheeler 663
review
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Continued support for the national economy and international
partnerships will further advance the comprehensive development
of this research field.

The United States leads in the number of publications, with
the top 10 countries collectively contributing 92.57% of total
publications, and 9 of the top 15 institutions being American.
Despite China ranking second in publications, none of its
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institutions are among the top 15. In contrast, the United Kingdom,
ranking third in publishing output, has one institution in the top 15.
Notably, UNIVERSITE LIBRE DE BRUXELLES and UNIVERSITY
OF PITTSBURGH have been particularly active in recent years
in terms of degrees awarded. Enhancing research competitiveness
is contingent upon international collaboration, underscoring
the critical necessity of fostering extensive partnerships among
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institutions, particularly in the face of economic constraints or
resource limitations.

Journal influence

When evaluating journal impact, indicators such as influence
factor and JCR are significant measures (29, 30). Among the top
11 journals in the field of fluid management research for patients
with sepsis, 36.4% are classified as JCR Q1 journals, with 6 of
them having published over 1,000 papers. Critical Care and Critical
Care Medicine stand out as the journals with the highest number
of publications in this area. Core journals play a crucial role in
disseminating fundamental research findings, making them ideal
choices for researchers to submit their work.

Research hotspots

This research aims to investigate the prevalent scientific
emphasis on fluid management in septic patients within the
academic community. Analysis of research trends can be conducted
by examining publications, references, and keywords.

Frontiersin Medicine

Citation research hotspots

The frequency of citations for a publication can serve as a
metric for assessing its impact within a particular field of study
(31). Frequently cited works often represent central themes in
research, aiding in the identification of key areas of focus. Among
the top 10 most cited papers are those addressing topics such
as Surviving Sepsis Campaign—International Guidelines for the
Management of Severe Sepsis and Septic Shock (23), Guidelines
for the Management of Severe Sepsis and Septic Shock within the
Surviving Sepsis Campaign (27), Early Goal-Directed Therapy Trial
for Septic Shock (32), and Fluid Resuscitation for Septic Shock (33).

In the first version of the international consensus definition
from 1991, severe sepsis was defined as sepsis accompanied by
organ dysfunction, hypoperfusion, or hypotension; septic shock
was defined as sepsis with hypotension despite adequate fluid
resuscitation. In 2016, following the publication of the third
edition of the international consensus definitions for sepsis and
septic shock (Sepsis-3), the definition of sepsis was updated. This
consensus recommended that organ dysfunction should be defined
according to the Sequential (or Sepsis-related) Organ Failure
Assessment (SOFA) score or the “quick” (q) SOFA. Septic shock
was also redefined as a subset of sepsis, characterized by persistent
hypotension requiring vasopressor therapy to maintain a mean
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arterial pressure >65 mmHg, along with a serum lactate level >2
mmol/L (>18 mg/dL). Septic shock indicates severe circulatory,
cellular, and metabolic deterioration, with a higher risk of mortality
compared to simple sepsis (1).

Patients with severe sepsis frequently exhibit varying degrees
of cognitive impairment, as well as a dysregulated systemic
inflammatory response that results in widespread vasodilation and
increased capillary permeability. This leads to significant alterations
in vascular distribution, reduced effective circulating volume,
decreased ventricular preload, diminished diastolic pressure,
decreased cardiac output, and impaired oxygen delivery. In
response to these changes, the body initiates a cascade of
cardiovascular, neuroendocrine, and metabolic adaptations to
compensate for the loss of blood volume. If the injury factors persist
or the inflammatory response remains uncontrolled, the body
may exhibit decompensation manifestations, including impairment
of endothelial cell function and dysfunction of microcirculation,
leading to systemic tissue hypoxia, organ dysfunction, and
potentially mortality.

Liquid therapy has the potential to enhance microcirculation
perfusion through mechanisms such as lowering blood viscosity,
augmenting blood flow driving pressure, and modulating the
interplay between endothelial cells and circulating blood cells.
Furthermore, liquid therapy has been shown to substantially
diminish the concentrations of inflammatory mediators TNF-a, IL-
8, and IL-1B triggered by endotoxins, while concurrently elevating
levels of the anti-inflammatory mediator IL-10.The peak impact
is observed 1-6h following the initiation of the inflammatory
response (34). A retrospective cohort study carried out by Alsous
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et al. (35) demonstrated that patients with septic shock who
sustained a negative fluid balance for a minimum of 1 day within
72 h of initial intensive care unit (ICU) treatment exhibited a more
favorable prognosis.

Vincent and De Backer introduced a theoretical framework
for fluid management in the management of septic shock
patients, delineating the treatment process into four distinct
phases: resuscitation, optimization, stability, and descent (36).
The resuscitation phase aims to attain a viable minimum
blood pressure level essential for sustaining life, while the
optimization phase focuses on enhancing cardiac output to meet
the body’s anticipated demands. The stable phase emphasizes organ
support and complication prevention, while the descent phase
involves a gradual reduction of intensive care unit interventions
for patients. The model also highlights the importance of
fluid resuscitation therapy. Malbrain examined various fluid
management strategies, such as early adequate goal-directed fluid
management, late conservative fluid management, and late goal-
directed fluid removal (37). The authors also introduced the
“4D” framework for fluid therapy, encompassing drug selection,
dosage determination, treatment duration, and de-escalation
strategies. In the management of patients with septic shock, it is
essential to consider the four phases of fluid therapy, including
the initiation of intravenous infusion, cessation of intravenous
infusion, commencement of reverse resuscitation or fluid removal,
and discontinuation of reverse resuscitation in order to achieve the
objectives of each stage.

Dellinger et al. (27) introduced the Surviving Sepsis Campaign:
International Guidelines for Management of Severe Sepsis
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FIGURE 10
(A) The top 15 keywords with robust citation bursts in 1995-2009. (B) The top 20 keywords with robust citation bursts in 1910-2024.
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and Septic Shock, which were subsequently revised in 2008,
2012, 2016, and 2021 (3, 12, 13, 23, 27). The guidelines
recommend programmed and quantitative resuscitation for
patients experiencing tissue hypoperfusion due to sepsis,
characterized by sustained hypotension following initial rapid fluid
replacement or a blood lactate concentration of >4 mmol/L. Upon
identification of tissue hypoperfusion, immediate intervention is
recommended rather than waiting until the patient is transferred
to the intensive care unit (ICU). Within the first 6h of early
recovery from hypoperfusion due to sepsis, treatment goals
include maintaining a central venous pressure (CVP) of 8-
12mm Hg, a mean arterial pressure (MAP) of >65mm Hg, a
urine output of >0.5ml - kg-1 - h-1, and achieving a central
venous oxygen saturation (ScvO2) of >0.70 or mixed venous
oxygen saturation (SvO2) of >0.65.Crystalloid solution is the
preferred initial resuscitation treatment for severe sepsis and
septic shock in liquid therapy. In cases where a significant volume
of crystalloid fluid is required for fluid resuscitation, the use of
albumin is recommended. In instances where there is suspicion
of hypoperfusion in sepsis with low blood volume, a minimum of
30 ml/kg of crystalloid solution (potentially including albumin) is
advised for shock therapy. Certain patients may necessitate more
rapid and substantial fluid replacement.

The sudden analysis feature in CiteSpace is utilized to identify
references and keywords that have experienced significant changes
during specific time periods. Strength, as an indicator in the
analysis of citation bursts for references and keywords, is a measure
of their attractiveness and has been extensively examined in the
literature. Additionally, the timing of citation explosions provides
insights into the duration of citations and the current level of
attention received in the field. It also provides an aspect of
research hotspots. In this study, “guidelines,” “sepsis,” “rescue;’
and “outcome” were the keywords that most recently exploded
until 2024. They all appeared in time overlap analysis before.
For references, there have been 6 papers cited since 2017, and
this explosion continued until 2022. This study explores research

» <«

hotspots by analyzing the keywords “guidelines;

» <«

sepsis;” “rescue;’
and “outcome” that have recently gained prominence until 2024.
These keywords were identified through time overlap analysis and
have been cited in 6 papers since 2017, with this trend continuing
until 2022. One of the cited papers discusses the definition
and treatment management guidelines for sepsis, including The
Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) and Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and Septic Shock: 2016 (1).
Two scholarly articles discuss fluid therapy for sepsis, with one
focusing on the expedited completion of the 3-h sepsis treatment
and rapid administration, albeit facing challenges in promptly
completing the initial intravenous infusion (15), while the other
delves into the effectiveness and prognosis of bundle therapy for
sepsis patients (19). A study showed that the average fluid volume
administered to patients with severe sepsis and septic shock on the
1%t day in the ICU was lower than the fluid amounts recommended
by the Surviving Sepsis Campaign guidelines. Administering more
than 5L of fluid on the 1% day in the ICU was associated with
a significantly increased risk of death and significantly higher
hospital costs (38).
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Through the analysis of citations, it can be observed that
continuous exploration of sepsis management and ongoing
comparison of research outcomes have led to corresponding
modifications in the Surviving Sepsis Campaign from 2004 to
2021. This ensures that the most favorable recommendations
for sepsis treatment are provided. Additionally, concepts such as
bundled therapy and goal-directed fluid management have also
been proposed in the guidelines, which is why the guidelines remain
the most cited literature in recent years.

Keyword research hotspots

Keywords are essential elements that encapsulate the main
themes of a research study, with their frequency serving as
a measure of their significance within particular academic
domains. These keywords also serve to highlight prominent
areas of research interest, with prevalent terms in the field of
“liquid management” including “rescue;” “fluid therapy,” “fluid

»

rescue,” “fluid responsiveness,” “fluid balance,” and “management.”

The keywords associated with a cluster of diseases encompass

» o«

“acute kidney injury,” “septic shock,” and “acute respiratory
distress syndrome,” along with the medications “vasopressor” and
“antibiotics.”

This study analyzes the research hotspots in sepsis fluid
management over a 15-year interval. It was found that no
research hotspots emerged between 1978 and 1994, likely due to
insufficient publication of literature during this period, as sepsis
fluid management was still in an exploratory phase with few results
published. Starting from 1998, articles on sepsis fluid management
began to be published, discussing fluid management from various
perspectives, including intraamniotic infection, tumor necrosis
factor, and mortality. In 2001, sepsis was refined into septic shock
and severe sepsis based on severity, leading to detailed fluid
management for different types of sepsis, and the concept of early
goal-directed therapy (EGDT) was introduced for the first time.
Subsequently, goal-directed therapy became a research hotspot.
“Acute renal failure” emerged as the first burst keyword from 2010
to 2024. During this period, researchers focused on indicators such

»

as “venous oxygen saturation,” “volume;” and “renal blood flow.”
Additionally, “balanced crystalloids” and “critically ill children”
represent hot research topics in recent years and likely in the
near future.

It is worth noting that the “Campaign International Guidelines”
in 2019 had a strength value of 12.74 for the period 2019-
2022. In 2019, COVID-19 spread rapidly worldwide, triggering
an unprecedented public health crisis. The clinical manifestations
of many severe or critically ill COVID-19 patients meet the
diagnostic criteria for sepsis and septic shock. Studies have shown
that the dysregulation of the innate immune response caused
by SARS-CoV-2 leads to a high inflammatory syndrome that
exacerbates disease severity and increases mortality (39, 40). Severe
COVID-19 patients may develop sepsis, disseminated intravascular
coagulation, and multiple organ dysfunction. Therefore, for severe
COVID-19 patients, in addition to treating the primary disease,
attention to sepsis-related fluid management is also crucial. After
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2022, due to the continuous mutations of the COVID-19 virus and
the widespread use of vaccines, the number of severe COVID-19
patients has decreased, leading to a decline in research interest
regarding the treatment of severe COVID-19.

Early goal-directed therapy (EGDT) has undoubtedly been
a milestone in the treatment of severe sepsis and septic shock,
with fluid therapy being a crucial component of EGDT (41). This
approach compared a standard treatment group with a proactive
resuscitation strategy that included aggressive intravenous fluid
administration, vasopressor use, and blood transfusions. In the
standard treatment group, patients underwent arterial and central
venous catheter placement, with intravenous fluids administered
to maintain a central venous pressure of 8-12 mmHg and
vasopressors used to keep mean arterial pressure >65 mmHg.
The early goal-directed therapy group had the same hemodynamic
targets but also received continuous monitoring of central venous
oxygen saturation, using dobutamine to achieve a target central
venous saturation of >70%. Within the first 6 h of intervention,
the early goal-directed therapy group received more intravenous
fluids, blood transfusions, and did receive a higher percentage
of dobutamine, along with lower lactate levels. Compared to the
standard treatment group, the early goal-directed therapy group
showed a 16% reduction in in-hospital mortality. This study
reflected that the bundled approach to fluid resuscitation via
early goal-directed therapy significantly improves the prognosis of
patients with septic shock, leading to its inclusion in early sepsis
management guidelines. A randomized controlled trial further
demonstrated that EGDT aims to restore hemodynamic stability
and tissue perfusion indicators in patients with severe sepsis
and septic shock, emphasizing early identification of those with
tissue hypoperfusion and implementing a series of interventions
guided by specific monitoring indicators within 6 h. The findings
indicated that EGDT significantly reduces in-hospital mortality
in patients with severe sepsis and septic shock, shortens hospital
stays, and decreases healthcare costs (42). The timing of fluid
therapy is critical for the prognosis of patients with severe sepsis.
Early fluid treatment can modulate the inflammatory response
and improve microvascular perfusion, thereby positively impacting
organ function and patient outcomes. However, in the later stages
of sepsis, fluid therapy has limited effects on tissue perfusion, and
excessive fluid overload could worsen patient prognosis (43).

“Acute renal failure” is the first burst keyword from 2010
to 2024.Murphy and colleagues conducted an analysis to assess
the effects of various liquid therapy approaches on in-hospital
mortality among patients with severe sepsis complicated by
acute lung injury (ALI) (44). The liquid therapy strategies under
investigation included adequate initial fluid resuscitation (AIFR)
and conservative late fluid management (CLFM). In the present
study, AIFR was operationally defined as an infusion volume equal
to or >20 ml/kg prior to the administration of vasoconstrictors,
with ongoing fluid replacement to achieve a central venous pressure
(CVP) of at least 8 mmHg within 6h following the initiation of
vasoconstrictors. The definition of CLFM entails the maintenance
of a stable or negative fluid balance within the initial 7 days
following the onset of septic shock, as evidenced by consistent
inflow and outflow rates for a minimum of 2 consecutive days.
The findings of the study indicate that the timing of fluid

Frontiersin Medicine

13

10.3389/fmed.2024.1492396

therapy in sepsis plays a crucial role in influencing the in-hospital
mortality rate of patients with septic shock complicated by acute
lung injury (ALI). As such, it is recommended that tailored
fluid therapy strategies be implemented for patients with severe
sepsis and septic shock, taking into consideration the individual’s
disease progression and underlying pathophysiological features.
Specifically, early aggressive fluid resuscitation followed by a
more conservative approach later in the treatment course may
be beneficial.

In 2016, the “Sepsis Campaign” guidelines recommended an
aggressive fluid resuscitation method for patients with septic shock,
which is considered a cornerstone of treatment. This involves
infusing at least 30 mL/kg of crystalloid solution for initial
resuscitation within the first 3h of shock onset (3). While this
is a strong recommendation, the quality of evidence supporting
it is considered low. By 2021, the same fluid resuscitation
protocol was downgraded from a strong recommendation to
a weak recommendation in the “Sepsis Campaign” guidelines,
indicating that the dosage of fluid resuscitation remains a hot
topic of debate in septic shock management (12). The purpose
of initial fluid resuscitation is to restore the patients vascular
volume, increase cardiac output, enhance oxygen delivery, and
improve tissue oxygenation. Therefore, the “I1-h bundle strategy”
emphasizes that fluid resuscitation in septic patients must be
initiated within 1h to promptly correct the pathophysiological
processes caused by sepsis, including reduced effective circulating
volume and impaired microcirculation perfusion (3, 37). A study
by Tseng et al. showed that balanced crystalloids and albumin
are more effective than hydroxyethyl starch and normal saline
in reducing mortality among septic patients (45). Another study
found that septic shock patients who received more fluids within
the initial 3 h were more likely to survive. In septic shock, increased
vasodilation and vascular permeability lead to relative and absolute
hypovolemia, making the goal of initial fluid resuscitation to restore
blood volume, thereby increasing cardiac output and oxygen
delivery (46). Rapid and substantial initial fluid resuscitation can
improve microcirculation and tissue perfusion to some extent,
thereby enhancing prognosis, including lowering SOFA scores,
reducing hospital stays, and decreasing mortality rates (47).
Therefore, optimizing fluid resuscitation strategies remains a
crucial aspect of improving outcomes for patients with septic
shock (48).

Despite studies indicating that aggressive resuscitation does
not increase mortality rates, positive fluid balance, and its
duration have been shown to be associated with higher mortality
(39). Conservative resuscitation can achieve fluid negative
balance more rapidly. In the treatment of septic patients,
rapid and large-volume fluid administration can lead to the
dangers of fluid overload, causing patient suffering, adverse
reactions, and increased economic burden. Late-stage sepsis
may present with elevated central venous oxygen saturation
and lactate levels; at this point, even if adequate resuscitation
is performed, it may not improve microcirculatory perfusion.
Therefore, conservative resuscitation aims to reduce the volume
of fluid administered during prolonged resuscitation, initiate
vasopressors early, and provide the minimum fluid necessary to
maintain circulation.
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The development of sepsis fluid management has gradually
evolved from the classification of the disease to the refined
management of indicators. It has progressed from bundled care
and goal-directed therapy for fluid resuscitation in the early stages
of the disease to corresponding crystalloid balance or volume
balance based on indicator monitoring in the later stages, avoiding
excessive load. This approach combines the use of vasopressors and
antimicrobial treatment to promote patient recovery. Therefore, in
the later stages, sepsis fluid management tends to focus on indicator
monitoring and control.

In the near future, research interests may focus on the
following two topics: (1) The efficacy and prognosis of fluid
management regimens for sepsis patients, including staged fluid
management and bundled management; (2) Explore the underlying
mechanisms of the relationship between fluid load and septic
shock treatment.

Limitations

It is important to recognize that this study is subject to
various limitations. Primarily, being a bibliometric analysis, the
collection and processing of data heavily rely on software. While
this analysis cannot entirely supplant system retrieval, it does
enable a thorough examination of extensive data sets. Additionally,
it is important to note that this study exclusively utilized English
articles sourced from the Web of Science database, potentially
excluding valuable research. However, given the extensive coverage
of the Web of Science in scholarly literature, it is anticipated
that any oversights will not substantially affect the overarching
trends identified in the study. Third, due to citation impact
delays, some high-quality studies published in recent years
may not have had the opportunity to showcase their valuable
breakthroughs due to low burst value, such as balanced crystalloids
and critically ill children, requiring tracking and updates in
future research.

Nevertheless, considering the comprehensive scope of the Web
of Science in academic publications, it is expected that any potential
oversights will not significantly impact the overarching patterns
identified in the study.

Conclusion

In conclusion, there is a growing focus on the connection
between fluid management and the treatment of sepsis, with
research in this area being at an advanced stage. The most
noteworthy new clues that people are paying attention to in future
research hotspots are: (1) The efficacy and prognosis of liquid
management schemes for sepsis patients, including staged liquid
management and bundled management; (2) Explore the underlying
mechanisms of the relationship between fluid load and septic
shock treatment. The analysis results indicate that researchers have
conducted more accurate and in-depth research in the field of fluid
management for sepsis patients.
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